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ABSTRACT 
One continuous esophageal carcinoma cell line, EC/CUHK2, 
established from a surgical specimen obtained from a Chinese 
male patient with poorly to moderately differentiated 
squamous cell carcinoma of the esophagus was characterized. 
The EC/CUHK2 cells were polygonal in shape. The growth on 
collagen gel resulted in the flattening of cells. The air-
medium interphase culture described the penetration of tumor 
cells through the collagen matrix and the anchorage on the 
lower substratum. Their serum dependency was also detected 
as they grew preferentially in 5% serum level. The average 
plating efficiency was shown to be about 10% and the 
chromosome spreading indicated that the cell line was 
aneuploid with the number varied from 33 to 78 and a modal 
number of 43. The ability in the formation of spheroids was 
observed too. Besides, the cells were strongly positive for 
keratin with AEl and AE3 and weakly with AE2 antibodies. 
Monoclonal antibody to the surface membrane glycoprotein 
(SQMl, 15kd) had been raised and characterized to localize 
in a number of squamous cell carcinomas of the head and 
neck. In this study, the distribution of the antigen was 
demonstrated in light and electron microscopy by various 
immunocytocheinical methods and the morphological data were 
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quantified by radioimmunoassay. 
High SQMl antibody binding percentages were found in one 
of the cultured tumor cell lines of esophagus, EC/CUHK2, two 
cultured cell lines of tongue, CTl and CT2 and cultured 
bronchial epithelial cells. Moderate to low percentages were 
observed in the tumor cell line of esophagus, EC/CUHKl, cell 
lines of cervix, CC2 and CC3/CUHK3 and fibroblast, FLF. 
In the cultured EC/CUHK2 cells, SQMl antigen was 
localized at the membrane surface, particularly at sites of 
cell-cell interdigitations. The surface of microvillous 
processes was a primary location of this antigen. No 
association with desmosomal structures and tonofilaments was 
observed. Also, non-specific cytoplasmic staining was not 
detected. 
Different calcium ion levels (0, 0.3, 1.0 and 1.8mM) in 
the culture medium were used to induce squamous cell 
differentiation of EC/CUHK2 cells. High calcium ion levels 
induced well differentiation as evidenced by the increasing 
amount of intracellular desmosomes and hemidesomosomes and 
greater binding ratio of the cytokeratin and involucrin 
antibody than those cells maintained in lower calcium ion 
concentrations. The expression of SQMl antigen was increased 
in intensity when the tumor cells were cultured in moderate 
to high calcium ion levels (0.3 and 1.OmM) for 5 to 10 hours 
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when the differentiation patterns were beginning to appear. 
The intensity declined gradually thereafter. Thus, this 
antigen might be related to the stages when the cells start 
committing with squamous differentiation. 
4 
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Esophageal carcinoma is the most common malignant tumor 
in Hong Kong. In which, the squamous cell carcinoma accounts 
for about 90% of the esophageal cancers. This disease shows 
striking geographic variations in incidence, even in areas 
that are in close proximity. High incidence rates (greater 
than 35 per 100,000 per year) are found in three provinces 
of North China: Henan, Hebei and Shanxi (Yang, 1980), 
regions in ran and Russia along the coast of Caspian Sea 
(Crepsi • 1979) and Transkei area of South Africa 
(Tuyns . 1 9 7 7 ) • According to the Hong Kong Cancer 
Registry data in 1986, the incidence rate of the esophageal 
carcinoma in Hong Kong was considered to be moderate, 
ranking sixth as major causes of death from all cancers 
(6.7%). The world age adjusted annual incidence rate was 
17.4 per 100,000 in male but only 3.5 in female in 1983. 
More clinical cases are reported in the past 20 years 
and the rate is still rising. The prognosis of this disease 
is poor and the patients usually seek treatment until very 
advanced stages. The common treatments are surgery, 
radiotherapy and chemotherapy but they do not achieve any 
good creative results in most cases. The five-year survival 
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rate after resection of the tumor is usually below 20%. 
In order to get better and more direct treatment of this 
disease, the diagnosis should be accurate and early 
especially when the tumor is still in early stages. In the 
etiology and epidemiology, that will be extensively 
discussed in the later sections, certain groups of people 
are found to be highly susceptible to this disease, e.g. 
people with nutritional deficiency; long-term consumption of 
alcohol, tobacco and opium smoking exposure to nitrosamine-
containing substances as well as contact to human 
papillomavirus. This group of people can be screened out and 
constant check-up should be followed. 
The properties of the esophageal carcinoma cells in 
different stages of malignancy should be recognized. Thus, 
the availability and characterization of cell lines derived 
from the tumor biopsies will open up areas of investigation 
into the basic information and biological behaviour of the 
disease. These include the growth patterns, cytogenetic 
studies, interactions between tumor cells and extracellular 
matrix, immunological properties and the differentiation of 
tumor cells in different environments. 
The present study reports the characterization of a 
human esophageal carcinoma cell line derived from a surgical 
biopsy. The criteria used to characterize the cell lines 
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include morphological studies, serum dependency and 
saturation density, growth kinetics, plating efficiency, 
spheroid formation, chromosomal analysis and air-medium 
interphase culture. 
Within the same tumor population, cells at various 
differentiation stages are found. They contain different 
biological characteristics. The surface antigen SQMl has 
been detected in the squamous cell carcinomas of head and 
neck including the esophageal carcinoma. This glycoprotein 
was further suggested to be related to squamous cell 
differentiation and intercellular adhesion. Decreased SQMl 
antigen expression was found along with the reduction in 
drug transport or high rate of drug resistance. 
For effective treatment, the differentiation properties 
and the immunological behaviour of the carcinoma cells 
shoud be well-acquainted. In this study, the tumor cells 
were induced to various differentiation stages by culturing 
in different calcium ion concentrations at different time 
intervals. The characters of cultured cells and 
ultrastructural localization of SQMl antigens were 
described. Finally, radioimmunoassay was used to quantify 





1. Esophagus and Esophageal Carcinoma 
1.1 Esophagus 
1.1.1 Anatomy 
The human esophagus is a highly distensible muscular 
tubular structure about 10 inches (25cm) long in adult, 
which is continuous with the laryngeal part of the pharynx, 
the cricoid cartilage opposite to the 6th cervical vertebra. 
It passes through the diaphragm at the level of the 10th 
thoracic vertebra (esophageal hiatus) to join the cardiac 
opening of the stomach. Anatomically, the esophagus is 
divided into 3 parts. Cervical part occupies about 1/5 of 
the total length. The thoracic part lies in the posterior 
mediastinum while the abdominal part joins the stomach at 
the gastroesophageal junction (Enterline & Thompson, 1984). 
1.2 Esophageal Carcinoma 
About 50% of the carcinomas are found in the middle 
esophagus, 30% in the lower 1/3 and the rest in the upper 
third. 
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1.2.1 Epidemiology of esophageal carcinoma 
This disease shows marked geographical variations, even 
in areas that are in close proximity (Yang, 1980)• 
The incidence figure can be stratified into 3 risk 
groups: low, moderate and high. 
In low risk group, such as white population in US, 
countries like Canada, Isreal, Nigera and most parts of 
Europe, the figures varied from about 2 to 8 per 100,000 per 
year (Mahboubi, 1977). 
Moderate risk group shows approximately from 15 to 
35/100,000 per year. It includes populations from South 
Africa, Chile, Jamaica, Puerto Rico, Uraguay, Japan, India, 
France, Switzerland and in certain regions of Russia and 
China. Male dominance was observed (Mahboubi, 197 7 ; Segi, 
1975). 
Three regions show high incidence rate, namely: three 
provinces of North China: Henan, Hebei and Shanxi (Yang, 
1980), regions in Iran (Crespe • 1979 O'Neill, 1980) 
and Russia alongside the Caspian Sea and Transkei of South 
Africa. The rates are greater than 35/100,000 per year 
(Segi, 1975; Mannell and Murray, 1989). 
In China, it accounted for 22.34% of the total cancer 
deaths, ranking second in prevalence, just below stomach 
cancer in 1980. The crude prevalence rate was about 
12 
140/100,000 along the Taihang Mountain Range. Between the 
ages of 60 and 69 in this region, the rate rose to 
800/100,000 and squamous cell carcinoma was responsible for 
37 to 39% of deaths within this selected population. This 
marked variation in incidence that occurred in different age 
groups was another respectable feature of this carcinoma 
(Yang, 1980). 
In comparison, Hong Kong can be considered to have a 
moderate incidence rate. In 1983, the Hong Kong Cancer 
Registry data showed 17.4/100,000 in male but only 
3.5/100,000 in female. 
1.2.2 Etiology of esophageal carcinomas 
Epidemiological observations in high and low-incidence 
areas indicate that the disease is prevalent in certain 
ethnic groups in which an environmental cause is more 
likely. But, none of the many suggested factors has been 
found universially acceptable, since what appears to be a 
predisposing factor in one area has no relevance in another. 
But the low socio-economic status and nutritional deficiency 
of the patients in high incidence areas appear to increase 
the susceptability to possible environmental carcinogens 
(Yang, 1980; Wynder and Bross, 1961). 
In the following, several possible causative factors are 
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listed. 
a. The mortality was inversely correlated with trace 
elements: molybdenum, manganese, zinc, magnesium, bromium 
and iodine. Molybdenum was a cofactor of nitrate reductase 
controlling the nitrite and nitrate contents in plant food. 
Moreover, zinc deficiency was shown to increase nitrosamine-
induced esophageal carcinoma in rats (Yang, 1980). Inverse 
relationship was described between selenium content and 
cytological abnormality. It protected membranes from 
peroxidation through the action of an selenium-dependent 
glutathione peroxidase and enhanced immune response with 
increased resistance to cancer initiation and growth 
(Jaskiewicz . 1988). 
b. The concentration of nitrosamines and their precursors 
in food and drinking water correlated with esophageal 
carcinomas. Soil composition and mold contaminations were 
suspected for the elevated levels of diethyl- and dimethyl-
nitrosamine in pickled vegetable. Fungal species such as 
Fusarium moniliform could reduce nitrate to nitrite. These 
raised the amount of secondary amines in food and promoted 
the synthesis of nitrosamines (Yang, 1980). 
c. The frequency of pickle consumption was found to be in 
parallel to the mortality rate. Fermented and moldy foods 
were heavily infested with fungi and contained secondary 
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amines, mutagens and carcinogens. Experimental carcinogensis 
on rat showed that they could induce precancerous lesions, 
epithelial hyperplasia and dysplasia of the esophagus and 
tumor of the stomach (Yang, 1980)• 
d. Nutritional inadequacy had been shown along with higher 
incidence of carcinomas and precancerous dysplasia states. 
i) Deficiency in riboflavin could produce epithelial 
changes by raising the mitotic rate of the mucosa. 
Flavocoenzymes were parts of the mixed-function oxidase 
system, which was responsible for the detoxification of 
carcinogens (Yang, 1980; Crespi • 1979). 
ii) Vitamin A (retinol) deficiency could enhance 
carcinogensis and vitamin C (ascorbic acid) possessed 
anticarcinogenic activity and affected the metabolism of 
nitrates (Yang, 1980). 
iii) Tannins were carcinogenic and high-tannin-containing 
kaoling (a dark sorghum) might cause the high incidence rate 
in North China (Yang, 1980). 
e. In North China, cooking on coal stoves and usage of room 
heater caused high content of benzo(a)pyrene, an aromatic 
polycyclic hydrocarbon. The hydrocarbons were carcinogens 
and inducers of the mixed-function oxidase system. They also 
showed synergistic effect with nitrosamines in pulmonary and 
esophageal carcinogenesis (Yang, 1980). 
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f. Up to approximately 80% of the cases in industrialized 
countries (Yu • 1988) and in South Africa (Tuyns 
al., 1977 Day, 1984) could be attributed to the exposure to 
chemical carcinogens in tobacco and alcohol (Van Duuren, 
1968 McCormick • 1973) . Alcohol might act as a 
solvent facilitating the passage of carcinogens to the lower 
layers of the esophagus (Doll, 1971; Segal, 1988). Moreover, 
chewing of tobacco in the form of nass (Wynder and Bross, 
1961) and opium smokincf were causative factors in Western 
countries, North America and Northern Iran (Mahboubi, 1977; 
Hewer .,1978) • 
g. The tannin-containing extracts of the medicinal herbs 
were carcinogenic (Yang, 1980)• Also, intaking of hot tea-
gruel was a possible factor for the esophageal carcinoma in 
Japan (Segi, 1975). 
h. Poor oral hygiene could cause local lesions of the 
esophagus leading to carcinogenesis. 
i) swallowing of coarse food without sufficient chewing 
could irritate or damage the esophageal epithelium; 
ii) oral microorganisms might produce carcinogens or 
its precursors; 
iii) intake of hot food could cause severe coagulative 
necrosis of the epithelium along with acute inflammation. 
Afterwards, ulceration and epithelial regeneration were 
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found. Hyperplasia and mild dysplasia then resulted (Yang, 
1980; Crespi 1979; Segi, 1975); 
iv) local fungal irritation might cause focal 
inflaimnation, epithelial hyperplasia, dysplasia and other 
neoplastic changes of the esophagus (O Neill, 1980). 
Low fluoride content in drinking water could increase 
the susceptibility of the epithelium to carcinogens (Yang, 
1980). 
i. Human papillomavirus has been hypothesized as persistent 
infection in the pathway to squamous carcinoma involving an 
aberration of the Langerhan‘s cell and its symbiotic 
relationship with squamous cells (Hille • 1986 Morris 
and Price, 1986)• 
In recent 20 years, more incidences of esophageal 
carcinoma have been reported and the rate is rising. 
However, the etiology is still unknown. The prognosis is 
poor as patients generally seek treatment when the 
carcinomas reach an advance stage. Also, surgery, 
radiotherapy and chemotherapy do not contribute good results 
in most cases. Thus, the 5-year survival rate after 
resection is only 20% in this disease. 
1.2.3 Macroscopic studies 
1.2.3.1 Clinicopatholgical typing of esophageal carcinomas 
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Schenken and Burns classified the esophageal carcinoma 
into ulcerative, fungating, scirrhous and intraepidermoid 
types. Palmer suggested that most esophageal carcinomas fell 
rather into four groups: polypoid, fungating, ulcerative and 
infiltrating. Gowing divided them into crateriform, 
fungating and desmoplastic stenosing types (Gowing, 1961)• 
1.2.4 Microscopic studies 
1.2.4.1 Esophageal carcinoma 
1.2.4.1.1 Stages of esophageal carcinoma 
a. Early stages 
Liu . ( F u and Chuan, 1984) divided this stage into 
intraepithelial, intramucosal and submucosal carcinomas. 
Intraepithelial carcinoma (carcinoma in situ) has intact 
basement membrane and it is further subdivided into: 
(i) large cell (well-differentiated) and 
(ii) small cell (poorly differentiated with numerous 
mitosis). 
The basement membrane and the lamina propria are 
penetrated by the intramucosal carcinoma cells. 
In submucosal carcinoma, the cancer cells infiltrate 
into the muscularis mucosae with wide area of invasion. 
b. Advanced Stages 
The morphologies of squamous cell carcinoma depend on 
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differentiation and details are discussed in section 
.1.2.4.2 
Adenocarcinomas are rare in occurrence and mostly 
derived from the mucosa. They are subdivided into simple 
adenocarcinoma, adenosquamous carcinoma, adenoid cystic 
carcinoma (adenoid basal cell carcinoma) and mucoepidermoid 
carcinoma. 
The undifferentiated carcinomas are even more rare in 
the esophagus and they consist of large cell, small cell and 
oat cell carcinomas. 
1.2.4.2 Squamous cell carcinoma of the esophagus 
Squamous cell carcinoma accounted for 90% of esophageal 
cancers. It was predominantly a male disease where 
male to female ratio varied between 2:1 and 5:1 (Ozawa, 
1989)• It was graded according to the degree of histological 
differentiation. 
1.2.4.2.1 Histological typing 
A four-grade classification is adopted. 
Grade consists of large, polygonal or round cells, 
with well differentiation: intercellular bridges and 
dyskeratosis and squamous pearl formation. Mitotic figures 
are not frequent. Moderately-differentiated cells constitute 
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the Grade II where certain amount of morphological 
pleomorphism are found. There may be moderate keratinization 
or a few epithelial pearls. Mitotic figures are often seen. 
The cells of third grade are spindle-shaped, ovoid or 
irregular, smaller in size, and with scanty cytoplasm. 
Mitotic figures are frequent. No keratinization or 
intercellular bridges are present (Edwards, 1988)• Grade IV 
(undifferentiated carcinoma) is rare in esophagus and there 
are three subdivisions: large cell, small cell and oat cell 
carcinoma. 
The keratin patterns in squamous cell carcinoma of the 
esophagus depend on malignant transformation. In normal 
cells, there involves 52 and 58kd (major protein) and 56kd 
(minor)• But in squamous carcinoma cells, an additional 4 6kd 
protein is detected (Grace, 1985)• Cultured cells contain a 
further 4 0kd keratin protein (Micheal • 1985 Moll e^ 
al., 1983). 
1.2.4.2.2 Histological appearance of human squamous 
esophageal carcinoma cells 
Compared with normal esophageal squamous epithelial 
cells, the cells of squamous cell carcinoma are markedly 
enlarged, varied in shape and irregularly arranged. The 
nuclei are greatly increased in size, irregular and 
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hyperchromatic, and frequently show one or more prominent 
nucleoli. The nucleus/cytoplasm ratio is inverted. In some 
poorly differentiated carcinomas, nuclear pleomorphism is 
prominent. These changes indicates the increased metabolic 
and proliferative activities (Fu and Chuan, 1984)• 
The cytoplasm is sometimes richer in mitochondria but of 
various sizes and shapes with few cristae. Some cells 
contain large amount of rough endoplasmic reticulum. 
Moreover, the amount of free ribosomes is considerably 
increased. There is little glycogen. The number of 
tonofilaments is frequently increased, some of them form 
thick bundles of tonofibrils (Fu and Chuan, 1984)• However, 
in poorly differentiated cancer cells, tonofilaments are 
scanty or even absent but other cytoplasmic organelles are 
more prominent (Robison and Gregory, 1980)• 
In most cases, intercellular spaces are dilated and 
filled with numerous long, slender cytoplasmic extensions 
(Nishigira • 1979). In poorly differentiated cells, 
the intercellular spaces are narrow and the cell surface is 
rather smooth with few cytoplasmic extensions (Robinson 
al. , 1983). The number of desmosomes is often decreased, 
which facilitates detachment of cancer cells from each other 
and development of invasion and metastasis. 
In well-differentiated squamous cell carcinomas, the 
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basal lamina is often present but incomplete or absent in 
moderately and poorly differentiated carcinomas (Fu and 
Chuan, 1984). 
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2. Characterization of Cell Line 
2.1 Esophageal Carcinoma Cell Line 
Availability of cell line can help the investigations in 
etiology, carcinogenesis, growth and differentiation 
regulations, immunological properties, drug sensitivities of 
the disease. The success in the establishment of esophageal 
carcinoma cell lines in vitro is low because of the 
geographical variations of the disease. In 1979, two human 
esophageal squamous cell carcinoma cell lines (TE-1 and TE-
2) with different degrees of differentiation were reported 
in Japan (Nishihira . 1979) . Besides, three well-
differentiated cell lines (CE-48T/VGH, CE-69T/VGH and CE-
81T/VGH) were established in Taiwan (Hu • 1984) as 
well as eight lines with variations in differentiation from 
United States (Banks-Schelgel ^ al. , 1986) . In our 
laboratory, a well—differentiated cell line, EC/CUHKl, was 
also established and characterized in 1987 (Mok al., 
1987). 
2.2 Esophageal Carcinoma Cell Line EC/CUHK2 
EC/CUHK2 cell line was established in our laboratory 
from a surgical specimen from a Chinese patient with a 
moderately to poorly differentiated squamous cell carcinoma 
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of the esophagus. The cells are cultured in Dulbecco‘s 
Modified Eagle Medium, DMEM (Sigma) with 5% fetal calf serum 
and supplemented with lOOIU/ml penincillin and 100/ig/inl 
streptomycin. The characterization of the cell line will be 
discussed in section V.1. 
2.3 Characterization 
2.3.1 Multicellular spheroid formation 
Multicellular spheroids are round cell aggregates with 
peripheral proliferating cells close to the culture medium, 
deep lying non-proliferating cells and a necrotic centre 
(Erlichman and Tannock, 1986). These cell types can be 
stratified according to their positions, cellular contents 
and secretions. Normal cells do not show ability in spheroid 
formation because of the anchorage dependence and the great 
demand in nutrients (Casciari al. , 1988) and thus this 
can build up a model in the evaluation of malignant 
transformation (Wibe . 1984). Moreover, spheroids 
resemble solid tumors in vivo and this gives a good system 
in studying the effects of cytotoxic drugs on human tumor 
cells in vitro (Nederman, 1984 ; Kwok and Twentyman, 198 5 ; 
Erlichman • 1985 Jones • 1982). 
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2.3.2 Air—medium interphase culture 
Air-medium interphase culture provides a more 
physiological view apart from common culture methods since 
oxygenation may be important on growth and differentiation 
(Boukamp ^ al., 1985) • Keratinocytes (Prunieras ^ al., 
1983), hepatocytes (Michalopoulos and Pitot, 1975) and 
mammary epithelial cells (Emermann and Pitelka, 1977) raised 
in this culture performed more complete differentiation. 
Moreover, the differential properties of cells were 
suggested to be related to the exposure to air, cell 
orientation, filtering action of collagen substrate 
(Prunieras ^ , 1983) and the flexibility of collagen 
membrane on the rigid support (Shannon and Pitelka, 1981). 
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3. Membrane Surface 
3.1 Membrane Structure and Function: An Overview 
Membranes are supramolecular structures composed of 
lipid, protein, and carbohydrate. Phospholipids and proteins 
are the major components contributing between 60 to 85% of 
total membrane mass (Friedman and Skehan, 1981). 
Membrane proteins are highly diversified in structure 
and function. They serve as catalytic and transporting 
modulators, mediate ligand—receptor interactions and 
participate in immunity-related processes. Many integral 
membrane proteins are covalently attached to carbohydrates. 
I 
The attachment is variable, and is determined in part by the 
availability of specific linkage amino acids (asparagine, 
serine and threonine), the sequence of amino acids in the 
acceptor region, and the conformation of the carbohydrate 
linkage region (Aubert, 197 6; Marshall, 1974). The sugars 
most commonly found in glycoproteins include L-fucose, D-
mannose, D-galactose, sialic acids, N-acetyl-D-glucosamine, 
N-acetyl-D-galactosamine, and occasionally D-glucose. These 
oligosaccharide headgroups participate in a wide variety of 
biological recognition processes, including antigen-
antibody, hormone-receptor, and cell contact-mediated 
interactions (Friedman and Skehan, 1981). 
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3.2 Membrane Changes in Malignant Cells 
Wallach proposed that aberrations in the proportions of 
lipids, the insertion of abnormal proteins, and changes in 
ligand binding were all feasible mechanisins to explain the 
multiplicity of changes in malignant cell membranes 
(Friedman and Skehan, 1981; Hynes, 1976). 
There were several findings in the alterations in cell 
surface that might be relevant to malignant transformation. 
a. Increased sialylation of glycopeptides with raised 
activity of a specific sialytransferase enzyme was proposed 
to be a characteristic feature of transformed cells (Van 
Beek • 1973 Warren • 1979 Vermer al., 
1977). 
b. A membrane protein kinase, pp6 src (collet and Erikson, 
1978) was involved in the neoplastic transformation by the 
avian sarcoma virus (ASV) (Willingham • 1980). 
Together with other protein kinases, they changed the cell 
shape and growth, intracellular transport and other 
transformation properties by the alternation of the 
cytoskeletal structures (Der and Stanbridge, 1981). 
c. Increased level of surface proteases were detected 
during the transformation process (Der and Stanbridge, 
1981) • For example, thiol proteinase was responsible for 
the enzymatic degradation of the epidermal cell surface 
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proteins (Hashimoto ^ , 1982). 
d. Expression of novel tumor antigens (oncogene products, 
heat-shock proteins, product of an activated endogenous 
provirus or product of particular genomic DNA) was generally 
observed in cell transformation (Yagihashi al., 1988). 
LK26 antigen was expressed on all teratocarcinomas and renal 
cancer cell lines (Rettig . 1985). Other tumor 
antigens were LAM2 (Stahel al. , 1985) , SMI (Bernal and 
Speak, 1984) and NCI-H69 antigens (Reeve • 1985) on 
small cell carcinomas of lung; HLA-DR (Daar and Fabre, 1983) 
and Egp34 antigens (Molderhauer al. , 1987) on human 
colorectal carcinoma cells and so on. 
3.3 Surface Glycoprotein SQMl 
A murine monoclonal antibody, SQMl was established that 
recognized a surface membrane antigen in squamous cell 
carcinomas of head and neck (SCCHN) . It was generated by 
hybridoma technique using a human tongue squamous cell 
carcinoma as immunogen. Reactive hybridoma was subcloned and 
enriched in ascites of tetramethylpentadecane primed BALB/c 
mice. The antibody was purified, and stored in — 70 C until 
use (Boeheim al., 1985)• 
SQMl antibody was an IgM type. The antigen detected was 
a glycoprotein with molecular mass of 15kd on sodium 
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dodecylsulfate (SDS) polyacrylamide gels under reducing 
condition. (Wong al., 1990). 
The antibody was reactive with most SCCHN cell lines 
(Boeheim ^ al., 1986)• Significant reactivity was found 
with primary cultures of normal epidermal and bronchial 
epithelial cells (Boeheim al., 1986)• No staining was 
observed in fibroblasts, bone marrow cells or cell lines of 
colon and ovarian carcinoma, melanoma, neuroblastoma and 
leukemia. Liver, spleen, heart, skeletal muscle, colon, 
subcutaneous fat and skin connective tissue were also 
negative (B6eheim ^ , 1985) . In head and neck tumors, 
strong binding was observed in well and moderately 
differentiated carcinomas. Only marginal reactivities were 
found in poorly differentiated and anaplastic one (Boeheim 
, 1987). 
SQMl reactivity was found in spindle-cell layers of the 
epidermis and hair papillae. Negative staining was detected 
in the lower basal and upper stratified layers. This 
indicated that SQMl might be a differentiating antigen 
(Boeheim .,1985). 
Under electron microscopic studies, SQMl antigens were 
localized at the membrane surface particularly at sites of 
cell-cell interdigitations and microvilli. No association 
with desmosomal structure was observed. There was also not 
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any non-specific cytoplasmic localization of SQMl antigens 
(Tsao , 1989). 
Possible adhesive function of SQMl antigen was suggested 
(Wong al. , 1990) . SQMl antibody interfered with the 
epithelial and endothelial cell-cell and cell-extracellular 
matrix adhesion but not with adhesion of fibroblastic and 
lymphocytic cells. It has been demonstrated that the 
greatest inhibition was observed in epithelial—endothelial 
moderate inhibition was seen in endothelial-endothelial and 
epithelial—extracellular matrix adhesion,. least but 
significant inhibition was detected in epithelial—epithelial 
adhesion. Control using normal serum did not result in any 
inhibition of adhesion. Thus, SQMl protein may be important 
in mediating epithelial—endothelial and epithelial-
extracellular matrix interactions, which in turn may be 
important in the metastatic behaviour of epithelial tumors 
(Wong , 1990). 
The cDNA cloning showed the SQMl protein might be in 
great similarity with the /3-subunit of the integrin or some 
novel cell adhesion molecules or ligands: -subunit of the 
leukocyte adhesion molecules, endothelial cells (GpIIIa), 
vWF and complement CS(3 chain and extracellular matrix 
proteins. The regions of similarities were located at the 
tandem repeats containing a 8—cysteine motif and a 
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positively-charged residue found near the C-terminal of the 
SQMl polypeptide when compared to the proximal extracellular 
region at the transmembrane domain of the leukocyte adhesion 
molecules (figure la and b). 
SQMl (107-124) C S SGR SGG R RRRQI C K G — — Q 
HUMLAP (590-608) C - SGR GRC R CNVCE C HSGY- Q 
HUMGP3A (601-616) C SGR G — — K CECGS C VCI Q 
HUMVWFM (1544-1555) C L SGR ——K VN C T T — — Q 
HUMC8B (511-528) C - SGR RKT R QGQ-- C NNPPP Q 
CONSENSUS C SGR + C Q 
Figure la: Sequence motif which is shared between SQMl 
polypeptide and other human proteins: f3 chain of leukocyte 
adhesion molecules (HUMLAP), GpIIIa (HUMGP3A), vWF (HUMVWFM) 
and complement cSfS (HUMC8B) . The boxed residues are the 
conserved residues among all sequences. The amino-acid 
residue numbers are in brackets. 
HUMLAP (653-694) SNNPVKGRTCKERDS-EGCWVAYTLEQQDGMDRYLIYVD 
• • • • • • • • • • • • 
• • • • • • • ••••• • • • 
SQMl (59-100) AHHLIRLLKCK-RDSFPSCWPASRKRHDSGLLRTASYVM 
• • •• 
• • • • • ••• 
H M W F M (1624-1638) RKEECK-RVSPPSCPP 
CONSENSUS + CK R S C 
(8 a.a.) 
Figure lb: Sequence similarity between SQMl polypeptide, fS 
chain of human leukocyte adhesion proteins (HUMLAP) and 
human vWF (HUMVWFM)• A colon denotes identical amino acid 
residues whereas a period denotes a conservative 
subsitution of amino acid residues. The amino acid residue 
numbers are in brackets. The consensus sequence is in bold 
letters. 
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Low expression of SQMl antigen was found in several 
SCCHN cell lines made resistant by exposure to methotrexate 
(MTX) and cis-platinum (CDDP) in vitro. Lowest reactivity 
was reported with high drug resistance or diminished rate of 
drug transport (Bernal • 1989) . Thus, a role of SQMl 
antigen on chemosensitivity, drug transport or membrane 
transport is suggested. 
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INTEGRINS 
Integrin is an ever-expanding family of cell-surface 
receptors playing an essential role in the cell-cell and 
cell-extracellular matrix (ECM) adhesive interactions. They 
are receptors for fibronectin, laminin, collagen, tenascin, 
thrombospondin and vitronectin (Kaufmann ^ al., 1989). 
ntegrins contain a and f3 subunits. The a subunit 
consists of several calmodulin—type divalent cation binding 
sites and proteolytic site that can break the molecule into 
an extracellular heavy chain and a transmembrane light 
chain. The f3 subunit has an extracellular cysteine - rich 
domain of unknown function and an intracellular tyrosine 
phosphorylation sequence. Eleven a and seven (3 subunits are 
reported to combine to form 16 different heterodimers. The 
0 5^4 is specific for epithelial cells and tumors derived 
from them (Ruoslahti and Giancotti, 1989), as an example. 
In cell-ECM and cell-cell interactions, the recognition 
site for integrins to bind to ECM and platlet adhesion 
proteins is the tripeptide Arg-Gly-Asp or RGD sequence. The 
variation in the conformation of the RGD contributes to the 
specificity of the integrin interaction (Ruoslahti and 
Pierschbacher, 1987). 
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Integrin expression has been reported to play roles in 
matrix assembly, cell migration as well as cell invasion. 
Transformation induces changes in the expression of 
different types of integrins or integrin with different 
binding affinities to ligands (Ruoslahti and Giancotti, 
1989). 
The consequence of the integrin-mediated signal 
transmission can affect differentiation. Tumor cells grown 
in collagen gels differentiate more than the same cells 
grown on other surfaces. An RGD-receptor has been found to 
be responsible for such an effect (Ruoslahti and Giancotti, 
1989 Pignatelli and Bodraer, 1988). 
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CADHERIN, Cell-Adhesion Molecules (CAM) 
Cadherins are calcium-dependent cell-cell adhesion 
molecules (Yoshida-Noro • 1984). In experimental rats, 
3 subclasses of cadherins were noted: E-cadherin (Yoshida-
Noro . 1984), N-cadherin (Hatta . 1985) and P-
cadherin (Nose and Takeichi, 1986) in various tissues. Other 
homologues were also found in different animals, e.g. L-CAM 
in chicken (Gallin ^ al. , 1983), Arc-1 in dog (Behrens et 
al ., 1985), cell-CAM 120/80 in human (Damsky . 1983) 
and A-CAM in chicken cardiac muscle (Volk and Geiger, 1984). 
Cadherins with their functions in cell-cell adhesion have 
important roles in assembly, segregation and rearrangement 
of cells during development (Nose and Takeichi, 1986,• Hatta 
and Takeichi, 1986), formation and maintainence of cancer 
tissues (Shimoyama • 1989) . Differences in the 
distribution of various cadherins give rise to their roles 
as indicator of proliferative potential (P-cadherin in basal 
layers of stratified epithelia), an epithelial feature (E-
cadherin in most epithelial tissues) and a differentiation 
indicator (low expression of P-cadherin in well-
differentiated tissues) (Shimoyama • 1989). 
35 
4. Differentiation and Cancer 
4.1 Cell Differentiation 
Differentiation is the process by which the cell itself 
acquires physical and biochemical properties of specialized 
state. The most probable cause is the differential 
transcription of the genome by which some genes are 
activated to produce special proteins (Paul, 1978). This may 
include cytoplasmic and nuclear proteins. Nuclear proteins 
may then perforin as direct activator or indirect regulator 
with complexing to other proteins to alter DNA expression of 
the cell. The differential DNA transcription may be resulted 
from external stimulus through secondary messengers or the 
regulation of protooncogene expiTGSsion (Robeirt—Lezenes et 
al., 1988 Kindy and Verma, 1989). 
4.2 Squamous Cell Differentiation 
Stratified squamous epithelium consists of a variable 
number of cell layers which undergo morphological and 
functional transition from the cuboidal basal layers to the 
extremely flattened superficial layers. This sequential 
specialization process from the undifferentiated basal cells 
to the uppermost well-differentiated cells is termed as 
squamous differentiation. Several possible agents can induce 
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differentiation, namely vitamin A (retinol), high salt 
condition (e.g. calcium and magnesium), epidermal growth 
factor and serum factors, virus, chemical factors (e.g. PMA 
(7 ,12-diinethylbenz (a) anthracene) (Kawamura • 1985) and 
TPA (12-o-tetradecanolyphorbol-13-acetate) (Yuspa al., 
1982; Wirth . 1987)) and so on. 
4.3 Differentiation Markers of Squamous Cell Carcinoma of 
Esophagus 
The squamous differentiation of esophageal epithelial 
cells results in lots of specialized features, both 
biochemical and morphological. 
a. Epidermal growth factor receptor is a transmembrane 
protein with tyrosine kinase activity (Moolenaar, 19 8 6; 
Serunian and Cantley, 1986) for the proliferation and 
development of epithelial cells (Ozawa al. , 1988) . Over-
expression of it was detected in the squamous cell carcinoma 
of the esophagus (Ozawa . 1987) than those of the 
other cancer tissues (Ishitoya ^ al, 1989) . Southern blot-
hybridization showed the amplification of the EGF receptor 
gene (erbB oncogene) (Yamamoto , 198 6; King and 
Sartorelli, 1989). 
b. The 48kd (Kato and Torigoe, 1977) cytoplasmic TA-4 
antigen has a strong expression found in more differentiated 
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cells (Ozawa ^ al. , 1988)• The intensity increases towards 
the center of cancer pearls. Moreover, the serum TA-4 level 
could reveal the extensiveness and recurrency of esophageal 
carcinomas (Sugimachi al., 1987). 
c. Cytokeratin 
(i) Raised levels of autoantibodies to cytoskeletal 
polypeptide 18 was detected in esophageal squamous cell 
carcinomas (Veale al., 1988). 
(ii) Variabilities in the keratin expression were found in 
squamous cell carcinomas. The levels of 46 and 50kd keratins 
were elevated in spite of the normal 52, 56 and 58kd 
keratins (Micheal, 1985; Moll • 1983). But the overall 
contents were lower than normal (Banks-Schlegel, 1984). 
d. Elevated levels of serum-associated carbohydrate antigen 
(CA19-9) (Koprowski • 1981; McKnight • 1989) 
were described in patients with gastrointestinal 
malignancies (Ritts . 19 84 Kew • 1987) . The 
high specificity but low sensitivity made this antigen 
useful only when compared with other known tumor markers of 
the esophageal carcinomas. 
e. Human chorionic gonadotrophin (HCG) is a 38kd 
glycoprotein hormone from normal placenta and a diverse 
group of malignant cells (Mamanuc . 197 6 Yorde 
al. , 197 9 Sheth ^ , 1981) . Its expression was not 
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associated with any degree of tumor differentiation (Burg-
Kurland , 1986). 
f. Human placental lactogen (HPL) is a 19kd polypeptide 
synthesized by the syncytial trophoblasts. Its production 
was described in trophoblastic neoplasms and in some tumors 
of nontrophoblastic and nongonadal origin (Sheth al., 
1980) . The immunoreactivity of HPL was common in poorly 
differentiated squamous cell carcinomas of the esophagus 
(Burg-Kurland al., 1986). 
g. a-fetoprotein (AFP) is a single chain sialyated 67kd 
glycoprotein normally found in fetal and maternal blood, and 
in adult having certain neoplastic diseases (Yachnin, 1978). 
It was more commonly found in well—differentiated carcinoma 
cells (Burg-Kurland al,, 1986). 
h. A large 200kd glycoprotein, carcinoembryonic antigen 
(CEA) has been isolated from colon adenocarcinomas (Banjo 
al. , 1974 Burtin , 1977) . CEA was expressed in well-
differentiated squamous cell carcinomas, adenosquamous 
carcinomas and adenocarcinomas of the esophagus (Burg-
Kurland . 1986). 
i. Nonspecific cross-reacting antigen (NCA) is a lOOkd 
glycoprotein structurally similar to CEA (Burtin al., 
1977)• It is commonly expressed in well-differentiated 
squamous cell carcinomas, adenosquamous carcinomas and 
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adenocarcinomas of the esophagus (Burg-Kurland al., 
1986). 
j. Late in the terminal differentiation of epithelium, 
several types of protein molecules (Simon and Grace, 1984) 
are translocated to the submembraneous zone and become 
cross-linked by e— 7•—glutamyl)lysine dipeptide linkage 
through the cellular transcrlutaminase type (Rice and 
Green, 1977). The cross-linked envelope is insoluble and 
non-extractable in detergents and reducing agents (Rice and 
Green, 1977) . The influx of calcium ions due to the changes 
in membrane permeability could activate the type I 
transglutaminase (Rice and Green, 1979). 
k. Involucrin, derived from the Latin, involucrum (an 
envelope), is a non-filamentous, 9 2kd protein precursor 
(Said . 1983) of the cross-linked envelope in human 
epithelial cells (Rice and Green, 1979), It was present in 
normal non-keratinized squamous epithelia of the esophagus 
and vagina, and so on in diffuse patterns (Banks-Schlegal 
and Green, 1981). In squamous and urothelial differentiation 
(Watts and Said, 1985), its synthesis was correlated with a 
committment to terminal stage (Watt, 1983). This protein was 
translocated to the cell periphery and became cross-linked 
to form the envelope, in which, it acted as an amine 
acceptor in the transglutaminase-catalyzed reaction (Rice 
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and Green, 1977). 
1. The permeation of the plasma membrane during 
differentiation enables the infiltration of the serum 
factor, plasminogen. Moreover, the loss of reducing 
(anionic) environment helps the breakdown of cytoplasmic 
organelles. The acid hydrolases released from lysosomes 
activates the plasminogen to plasmin for nuclear diqestion. 
Also, the lysosomal enzymes might cause the nucleus more 
susceptible to proteolysis (Green, 1977). 
m. Intercellular junctional complex of the epithelia is 
vital for the maintainance of tissue integrity. It also 
appeared to be foci for the organization of cytoskeletal 
elements and thus were important in the determination of 
cell shapes (Dembitzer al., 1980). Upon cell-cell contact 
and calcium-induced differentiation, the biosynthesis of the 
cytoplasmic and membrane glycoprotein domains were altered 
(Watt • 1984). This time-dependent change caused the 
proteins to be glycosylated and detergent-insoluble and were 




5.1 General Physical and Chemical Properties 
Calcium is a large divalent cation and there is plenty 
of it in most natural waters. Its role in cell function has 
attracted the investigations from almost every discipline of 
biological research for the last 3 decades. The calcium ion 
itself is inactive and its activity is mediated through a 
homologous class of calcium-binding proteins. Its rather 
high CO—ordination number dictating its asymmetric geometry 
makes it differ from other divalent cations. Its 
intermediate binding strength in inorganic lattices and to 
organic molecules causes it very useful in triggering 
conformational changes and their cell activities. Moreover, 
the selective binding makes it an ideal cross-linking agent 
(Williams, 1986). 
5.2 Role of Calcium in Cellular Processes 
The role of calcium in regulating cell growth and 
metabolism has been studied primarily in cells of 
mesenchymal origin. Proliferation of mouse 3T3 and human W 
38 fibroblasts (Boynton ^ , 1974 1977) were inhibited 
by extracellular calcium ion level below 0.5mM. The 
mitogenic effects of serum (Mckeehan and Ham, 1978) or the 
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tumor promoter 12-o-tetradecanoyl-phorbol-13-acetate (TPA) 
(Whitfield • 1973 Boynton 1976) in 
nonmalignant fibroblast and lymphocyte cultures also 
required calcium ion up to linM. In contrast, proliferation 
of malignant fibroblasts appeared to be independent of 
extracellular calcium ion (Boynton and Whitfield, 1976). 
Calcium ion was also essential for the fusion of chick 
myoblasts to form myotubes (Knudsen and Horwitz, 1977), the 
vims—induced fusion of human erythrocytes (Lorand ^ al., 
1978). Low extracellular calcium ion level decreased cell-
cell adhesion (Takeichi and Okada, 1972) and cell motility 
(Gail ^ , 1973) while higher levels interfered with 
proper formation and maintainence of the cytoskeleton (Poste 
and Nicolson, 1976) and decreased plasma membrane fluidity 
(Sauerheber and Gordon, 1975). 
Extracellular calcium ion regulated the growth and 
differentiation of normal mouse skin epithelial cells in 
culture (Hennings ^ al. , 1980) and in vitro (Yuspa ^ al., 
1989). In low calcium ion concentration medium, the cells 
grew indefinitely as monolayer and performed as basal cells. 
When the ion level rose, cell proliferation ceased, but 
began to enlarge, stratify and cornify and desmosomes were 
reorganized (Watt • 1984). The cells sloughed off as 
mature keratinocytes. Low extracellular calcium ion level 
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also induced endophytic growth (nodular downgrowth: a 
characteristic in vivo histological feature of the 
preneoplastic phase of bladder cancer) and hyperplasia of 
rat urinary bladder epithelium (Reese and Friedman, 1978). 
In contrast, most tumorigenic cell lines had reduced 
requirements for calcium ion for proliferation (Swierenga 
al., 1983 Boyton and Whitfield, 1976). 
5.3 Calcium-Binding Protein: Calmodulin and the Mechanism 
5.3.1 Calmodulin 
Calmodulin is an acidic calcium—binding protein with low 
relative molecular mass. This single 148—amin•—acid 
polypeptide chain contains 4 calcium—binding sites (EF 
hands) with typical helix—loop—helix conformation (Babu et 
al • , 1985) • The lack of cysteine and hydroxyproline allow 
the tertiary structure high flexibility to adopt to its 
receptor proteins. Moreover, this protein is thermally 
stable, highly conserved in evolution and it lacks any 
species-specificity (Cheung, 1979)• 
Significant increase in a-helicity is resulted after 
calcium ion binding. The number of calcium ions bound and 
the order of binding within the four sites alter inter—helix 
angles (Schutt, 1985) and this accounts for the diversity of 
different enzyme and protein regulations. 
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chain kinase Phosphodiesterase 
Phosphorylase Phospholipase A2 
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Guanylate cyclase Calmodulin Ca2+-ATPase 
Calcium-dependent Microtubule 








Fig. 2: Diagram showing the interrelationship of 
calmodulin and other cellular enzymes 
5.3.2 Signal transduction 
5.3.2.1 Protein kinase C pathway 
Protein kinase C is a calcium—activated, phospholipid— 
dependent enzyme. With the binding of extracellular ligand 
to the specific membrane receptor, the regulatory protein 
which is mediated by G proteins controls the hydrolysis of 
inositol phospholipid. The transient production of 
diacylglycerol then activates protein kinase C. The enzyme 
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under its synergistic action with calcium ion apparently 
possesses multifunctional catalytic activities through 
phosphorylating with other protein kinases and phosphatases 
(Nishizuka, 1984)• The activation and relocation of these 
enzymes upon the nucleus will control the differential gene 
expression by binding of promoter or suppressor to specific 
DNA sequences, by specific gene amplifications or modulation 
of RNA polymerase activities (Lord, 1988). 
5.3.2.2 Ca2+—dependent cyclic nucleotide phosphodiesterase 
The calcium-calmodulin complex is the activator of 
phosphodiesterase which exhibites specificity for cyclic 
31,51-nucleotides with a purine base. The activation 
requires manganese or magnesium ions as catalyst. In 
contrast to the normal 4 calcium ions binding to the 
calmodulin, Wolff al. (1977) found that the tricalciuiu-
monomagnesiura—calmodulin complex was the active calmodulin 
in this type of activation (Lin and Cheung, 1980) . The 
synthesis and variation in the distribution of the enzymes 
activated then acts as secondary messenger to elicit future 
cellular responses. 
5.3.2.3 Ca2+-dependent adenylate cyclase 
Adenylate cyclase requires calcium-calmodulin complex in 
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a similar way as the phosphodiesterase but cAMV produced i:: 
the secondary messenger. The functional relationship hGtv/ocn 
them has been suggested. The elevated level of calcium ion 
activates the adenylate cyclase leading to the increase in 
intracellular level of cAMP. The increased calcium ion level 
in the cytosol then activates the calmodulin-dependent 
phosphodiesterase to restore the concentration of cyclic AMP 
to its steady state level. The sequential activation of 
these two enzymes will produce a transient increase in 
cyclic AMP (Bradham and Cheung, 1980). 
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CHAPTER III 
MATERIALS AND METHODS 
1. Characterization of a Human Esophageal Carcinoma Cell 
Line 
The primary culture was obtained from biopsy from a 
Chinese male patient, age 57, in Prince of Walse Hospital. 
The epithelial cells outgrown from the explant v/ere 
maintained in Dulbecco‘s Modified Eagle Medium, DMEM, 
(Sigma) with 10% fetal calf serum supplemented with 1 U/ml 
penincillin and lOOiig/ml streptomycin. 
Several properties of the esophageal carcinoma cells in 
vitro were studied. They included (1) morphology, (2) growth 
kinetics, (3) serum dependence and saturation density, (5) 
plating efficiency, (6) spheroid formation, (7) chromosome 
pattern and (8) expression of keratin. 
1.1 Morphological Studies 
1.1.1 On glass coverslips 
Esophageal carcinoma cells at passage 60-70 were 
trypsinized and were seeded on glass coverslips. Having 
reached 70% confluence, the cells were processed for phase 
contrast and light microscopic, scanning and transraission 
electron microscopic studies. 
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1.1.1.1 rhase—contrast microscopic study 
The cells on the glass coverslip were obscrvGd under 
Nikon Phase Contrast microscope. 
1.1.1.2 Light microscopic (LM) study 
The cells on the glass coversl ip were fixed in 10% 
buffered formalin. Routine haematoxylin and eosin staining 
was carried out and cells were dehydrated, cleared in xylene 
and mounted in Canada balsam. They were then observed under 
light microscope (Nikon). 
1.1.1.3 Transmission electron microscopic (TEM) study 
Cells were resuspended from the culture flasks with 
3. 5ml 0.05% type III trypsin (Sigma) at 37 C for 3 minutes 
in 5ml culture medium and then centrifuged. Cell pellets 
were fixed in 4% glutaldehyde in 0.IM cacodylate buffer for 
2 hours. They were cut into Imm^ fragments after 30 minute 
fixation. They were then postfixed in aqueous solution of 1% 
osmium tetroxide for 1 hour. Specimens were dehydrated 
through an ascending alcohol series, infiltrated with 1:1 
mixture of absolute ethanol and Spurr resin for 1 hour and 
then with pure Spurr resin overnight at room temperature. 
The embedded specimens were placed in an oven at 70" C 
overnight to allow polymerization of the embedding iiicdiura. 
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U It rath in (6 0-0 0nm) sections were cut by a ReicliGrt-Ju nq 
Ultracut. These sections were collected on 200-mGsh copper 
grids (EM Scope) • The grids were dried and stained with 2% 
uranyl acetate in methanol and aqueous solution of lead 
citrate for 10 minutes each in order to enhance the 
contrast. The sections were examined with a JOEL 100 CX 
transmission electron microscope at 8 0kV. 
1.1.1.4 Scanning electron microscopic (SEM) study 
Cells on glass coverslip were fixed in 4% glutaldehyde 
in 0.IM cacodylate buffer for 2 hours. After washing, they 
were post-fixed in aqueous solution of 1% osmium tetroxide 
for 1 hour. Specimens were dehydrated through an ascending 
alcohol series and then transferred from absolute alcohol to 
an ascending series of Freon 113 in absolute alcohol and put 
into a Ladd critical point dryer. Freon 113 was replaced by 
Freon 13 and the specimens were dried at a constant 
temperature of 38°C at 561 psi. The dried specimens were 
mounted on copper stubs by double adhesives, coated with 
gold-palladium alloy by a Edwards Sputter coater S1508, and 
examined with a JOEL JSM-35CF scanning electron microscope 
at 15kV. 
1.1.2 On collagen gel 
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1.1.2.1 Preparation of collagen gel 
Collagen was prepared from rat tail tendons. Tails v;cro 
collected in 75% ethanol. They were cut into pieccG and 
collagen fibres were dissected out and weighed. The tendons 
were extracted in 3OOml per gram 1:1,000 0. 5N acetic acid 
for 2 days at The solution was centrifugcd at 23OOg for 
2-3 days at The supernatant was then stored in sterile 
bottles at 4“C for future uses (Michalopoulos and Pitot, 
1975). 
The collagen gel was formed in 50mm Sterilin petri 
dishes by rapidly mixing 1.7ml collagen solution with 0. 4ml 
of a mixture containing 2:1 by volume lOX Modified Eagles 
Medium (MEM) (Gibco) and 0.34N NaOH. Dishes were left for 30 
seconds for gel to harden and the collagen gel formed was 
sterilized by UV for 15 minutes. Culture medium was changed 
twice overnight to equilibrate the gel prior to use. 
1.1.2.2 Seeding of tumor cells on collagen gel 
Esophageal carcinoma cells were trypsinized and 1x10"^ 
cells in supplemented DMEM were seeded into each SOmm^ 
collagen gel coated petri dish. Tumor cells were allowed to 
grow for 10 and 20 days and were fixed in situ for 1 hour in 
2.5% glutaldehyde in 0.IM cacodylate buffer pH7.4 and 
postf ixed for 1 hour in aqueous solution of 1% osmium 
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tetroxide. The specimens were washed and prococsod f or TLM 
and SEM studies as described in section 111.1.1.1.3 and 
111.1.1.1.4 respectively. The specimens were cut into Icm^ -
pieces for SEM and into 0.1x0.1x0.2cm3 for TEM studies. 
1.1.3 Air-medium interphase culture 
1.1.3.1 Preparation of collagen gel on minipore filter 
support 
The collagen gel was formed in 2x2cm^ cultured well 
(Sterilin) by rapidly mixing 1.7ml collagen solution with 
0.4ml of a mixture containing 2:1 by volume 1 X MEM Eagles 
medium (Gibco) and 0.34N NaOH. Before hardening, a piece of 
minipore filter was placed in the gel solution to act as a 
support for future handling of the gel. They were then left 
for 30 seconds for hardening and sterilized by UV for 15 
minutes. Culture medium was changed twice overnight to 
equilibrate the gel prior to use. 
1.1.3.2 Culture of cells in air-medium interphase setup 
1x10^ esophageal carcinoma cells were seeded on the 
2x2cin2 collagen gel with minipore filter. The gel was then 
transferred to a stainless steel support as described in 
figure 3. The culture medium was added to a height that was 
just enough to cover the gel and left the eel Is exposed to 
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the moist environment. The culture was maintaincd ior 7 
days, which, on schedule, was fixed and processed for rJI:M 
studies as in section III.1.1.1.4. 
1.2 Growth Kinetics 
The esophageal carcinoma cells at passage 7 0 were 
trypsinized and 4x10"^ cells were seeded into each well of 
the 24-well cell culture plates (Falcon). Cells were 
harvested from day 1 to day 7. They were separated from the 
culture wells by 1ml 0.05% type trypsin (Sigma) at 37°C 
for 2 minutes. Cell suspension of 0.01ml by volume was 
delivered to the counting chamber of a hemacytometer. The 
number of cells were calculated and the doubling time of the 
cell line were obtained from the growth kinetic curve. 
1.3 Serum Dependence and Saturation Density 
Esophageal carcinoma cells and normal human fetal lung 
fibroblasts (FLF) were compared. 
The serum requirements for growth were determined by the 
growth kinetics under different fetal calf serum (FCS) 
concentrations. Three serum levels were used: 1 5 and 0.5% 
FCS. Both esophageal carcinoma cells and fibroblasts were 
trypsinized, resuspended in culture media with different 
serum levels and 4x10^ cells were seeded into each well of 
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the 24 — well cell culture plates (Falcon) . CoJ we're 
harvested from day 1 to day 7 and counted as describod in 
section 1.2. The growth kinetic curves of both cell typos 
were plotted and compared. The saturation density (maximum 
cell number attainable under specific culture conditions / 
maximum number of cells per surface area) was calculated. 
1.4 Plating Efficiency 
Plating efficiency is the percentage of cells seeded 
which give rise to colonies. 17 5 and 315 trypsinized 
esophageal carcinoma cells were seeded in each of the ten 
25cm2 tissue culture flasks (Falcon) containing 3ml DMEM 
(Sigma) with 10% FCS, lOOIU/ml penincillin and lOO/ig/ml 
streptomycin (Gibco)• After 14-day culture, the colonies 
formed were fixed with 95% ethanol and stained with 0.5% 
crystal violet in 25% ethanol. The number of colonies with 
more than 50 cells were counted and the plating efficiency 
was then calculated. 
1.5 Spheroid, Formation Assay 
Multicellular spheroid formation determines the 
anchorage independent growth of the cells. A number of 
esophageal carcinoma cells were seeded into a 2Scm^ tissue 
culture dish (Falcon) with base coated with a thin 1 ayor 
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(3ml/2 5cm2) of 1% autoclaved Di fco Noble Agar. Mu Lti co1 1 u1ar 
spheroids were allowed to form in supplemented culture 
medium and they were harvested on day 7 and 14. The 
diameters of 10 spheroids were measured with an ocular 
micrometer in an inverted phase-contrast microscope. Other 
spheroids were processed for TEM as described in sections 
I.1.1.1.3. 
1.6 Chromosome Analysis 
When the cells reached 70% confluence in culture flasks, 
they were changed to a medium containing 0.0 6/ig colchicin/ml 
for 4 hours. The cells were detached from the flasks and 
treated with 5ml hypotonic 0.075M KCl solution for 15 
minutes. They were then fixed, washed and suspended in 
mixture of ice—cold freshly-prepared methanol:acetic acid 
(3:1 by volume). Cell smears were prepared from a small drop 
of fixed cell suspension, dried and stained with Giemsa. A 
total of 100 spreads were photographed and the chromosome 
number in each spread was counted. 
1.7 Determination of Keratin Production 
Monoclonal antibodies of mouse anti-human keratin (AEl, 
AE2 and AE3) were used to determine the keratin production. 
The monolayer of esophageal carcinoma eelIs on glass 
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covcrslip was fixed in 3.76 forma Idehydc in phor.:ph<) 
buffered saline (PBS) with 0.5mM CaCl2 and 0.5mM MgCl2 lor 
15 minutes. After digestion in 0.1% Triton X-100 in PBS for 
5 minutes in room temperature, the endogenous peroxidase 
activity was blocked by 3% fresh H2 2 in PBS for 15 minutes. 
The cells were then washed with PBS twice and treated with 
5% normal goat serum (NGS) in PBS for 30 minutes at 37°C to 
reduce non-specific background staining. Excess NGS was 
drained off and 1/200 AEl, AE2 and AE3 in PBS with 0.5% NGS 
were applied respectively with incubation in moist chamber 
for 1 hour at 37 °C. The cells were washed twice with PBS 
thoroughly and unversial mouse IgG peroxidase ant i-
peroxidase (Dako PAP kit) was applied. The staining was 
developed with 0.05% diaminobenzidine tetrahydrochloride 
(DAB, Sigma) in PBS with 0.01% (v/v) H2 2• After sufficient 
development, the cells were washed with PBS and distilled 
water and counterstained with Mayer‘s hematoxylin for 20 
seconds, washed in Scott‘s tapewater substitute, dehydrated 
through an ascending alcohol series, cleared in xylene and 
mounted with Canada balsam. 
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2. SQMl Localization on the Esophageal Carcinoma Cells 
2.1 SQMl Localization on EC/CUHK2 Cells with Different 
Passages 
2.1.1 LM studies 
2.1.1.1 PAP method 
Esophageal carcinoma cells of EC/CUHK2 cell line of 
passage 25, 58 and 72 were grown on glass coversl ips and 
were fixed in 3.7% formaldehyde in PBS with 0. 5mM CaCl? and 
0. 5mM MgCl2 for 15 minutes, when the cell density reached 
70% confluence. After digestion in 0.1% Triton X—1 in PBS 
for 5 minutes in room temperature, the endogenous peroxidase 
activity was blocked by 3% fresh H2 2 in PBS for 15 minutes. 
The cells were then washed with PBS twice and treated with 
5% normal goat serum (NGS) in PBS for 30 minutes at 37 °C to 
reduce non-specific background staining. Excess NGS was 
drained off and the primary antibody SQMl (1/200 in 
dilution) in PBS with 0.5% NGS was applied with incubation 
in moist chamber for 1 hour at 37 The cells were washed 
twice with PBS thoroughly. Peroxidase anti peroxidase—IgM 
antibody (PAP-IgM) with dilution of 1:200 was labelled as 
secondary antibody for 30 minutes at 37 C in moist 
condition. The staining was then developed with DAB and 
slightly counterstained with hematoxylin as described in 
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section 111.1.7. 
2.1.1.2 Avidin—biotin complex (ABC) staining method 
The procedures was recommended in the instruction of the 
Mouse IgM VECTASTAIN ABC KIT (Vector)• This method utilized 
the specific binding ability of avidin and biotin. The 
preparation of the sections was similar to that of PAP 
staining (section •2•1•1•1) . The cells on the glass 
coverslips were fixed, digested, blocked and stained with 
the primary antibody (SQMl) • They were then incubated with 
diluted biotinylated antibody solution, followed by 
VECTASTAIN ABC Reagent. The color was also developed with 
DAB solution. Brown precipitate was formed for 
identification. 
2.1.1.3 Silver enhancement method 
This method is modified from the colloidal gold method 
by the use of Silver Enhancement Kit (IntenSE™M, JANNSSEN) • 
The cells were fixed in 2.5% glutaldehyde in PBS for 30 
minutes. The cells were then digested in 0.1% glycine in PBS 
for 10 minutes. After washing, the non-specificities were 
blocked by 5% NGS in PBS. They were then stained with the 
primary antibody (SQMl) and labelled with 5nm colloidal gold 
GAMIgM as the secondary antibody. This gold marker was 
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enhanced by the silver Gnhancemcnt kit for a suitablr lonqLh 
of time. 
2.1.2 Indirect immunofluorescence method 
The esophageal carcinoma cells grown on glass coverslips 
were washed with RPMI 1640 medium (Sigma) and the non-
specific staining was blocked by 5% normal goat serum. 
Primary antibody (SQMl) (1:200 in dilution) in RPMI 164 
medium was applied at 37 C for 60 minutes with gentle 
shaking in every 15 minutes. The cells were then v/ashed 
thoroughly in medium and exposed to fluroescein-conj ugated 
goat anti-mouse immunoglobulin (FITC IgM) diluted 1:50 
(Jackson mmunoireseairch) and incubated for 60 minutes at 
37 °C. The cells were then washed and mounted in anti-
quenching agent (p-phenylenediamine) (Sigma) (Russell 
al. , 1982) . The fluorescent staining was viewed under a 
Zeiss III RS phase contrast and fluorescence microscope. 
2.1.3 SQMl localization using gold-labelled antibody 
The esophageal carcinoma cells in culture were fixed in 
2 . 5% glutaraldehyde in 0. IM sodium cacodylate buffer, pH7 . 4 
at 4°C for 1 hour. After washing, they were then post-fixed 
in aqueous solution of 1% osmium tetroxide for 30 minutes. 
For TEM study, routine procedures for dehydration and 
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embedding in Spurr res in were carried out. U trrithin 
sections were digested in 0. 1% glycine in PI3.S and tho 
aqueous solution of saturated sodium metaperiodate. The non-
specificities were then blocked and the cells v/ere 
interacted with SQMl monoclonal antibody (1:200 in dilution) 
and goat anti-mouse IgM conjugated with colloidal gold 
(JANNSSEN, lOnm, 1:50 dilution) for 30 minutes respectively. 
After washings, the thin sections were stained with uranyl 
acetate and lead citrate and examined under JEOL 100 CXII 
electron microscope at 8 0kV. For SEM study, the cells were 
digested, and then blocked with 5% normal goat serum, SQMl 
antibody (1:200 in dilution) and goat anti-mouse IgM 
conjugated with colloidal gold (JANNSSEN, 3 nm, 1:50 in 
dilution) for 30 minutes respectively. They were then 
dehydrated, critical point dried and coated by evaporation 
of approximately 10-12nm of carbon. The coated specimens 
were examined under JEOL CXII scanning electron microscope 
on backscatter electron imaging (BEI) mode with reversed 
polarity at 15kV. 
2.1.4 Radioimmunoassay 
Cultured cells were brought to suspension by brief 
trypsinization, centrifugod and resuspended in MCDB 151 
medium (Sigma)• Cell numbers were counted and aliquots of 
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cells were preabsorbed in 0. 5ml 5% normal goat serum f or 1 
minutes to remove non-specificities. They wore then 
incubated in 0.5ml SQMl antibody (1:200 dilution) at 37"C 
for 30 minutes. After the cells had been washed tv/ice in 
medium, 0.5ml lOOAxCi/mmol of 125 labelled goat anti-mouse 
IgM secondary antibody (Amersham International pic.) was 
added to a final concentration of 1:100 and incubation was 
continued for 15 minutes. The cells were washed 4 times in 
medium and counted in a Parkard gamma counter. Experiments 
were performed in triplicate. Results were expressed in 
binding ratio (that is, counts per minute (cpm) of tested 
cells / cpm of control cells)• 
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3. SQMl Localization on Other Cells and Cell Lines 
3.1 Radioimmunoassay of SQMl Antigen on Other Cell Lines 
For comparison with the EC/CUHK2 cell line, other normal 
and neoplastic cell lines were used to study the 
distribution of SQMl antigen. 
3.1.1 Esophageal carcinoma cell line 
The cell line, EC/CUHKl, was obtained from the biopsy 
taken from a Chinese male patient from Prince of Walse 
Hospital with well-differentiated squamous cell carcinoma of 
esophagus. The characterization had already been documented 
(Mok . 1987) • 
3.1.2 Cervical carcinoma cell lines 
Two cervical carcinoma cell lines were used to screen 
for the reactivity of SQMl antigens. CC2 cell line was 
derived from a Chinese female patient with moderately 
differentiated squamous cell carcinoma of uterine cervix and 
CC3/CUHK3 cell line was established from biopsy from another 
Chinese female patient with well-differentiated squamous 
cell carcinoma of uterine cervix. Both patients were come 
from Prince of Walse Hospital. 
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3.1.3 Tongue carcinoma cell lines 
Two tongue carcinoma cell lines, CTl and CT2 from tv/o 
Chinese female patients with well differentiated squamous 
cell carcinomas from Prince of Walse Hospital, were used to 
screen for the reactivity of the SQMl antigen. 
3.1.4 Fetal lung fibroblast cell line 
The fibroblast cell line, FLF, was used to study the 
SQMl antigen distribution. 
3.2 SQMl Localization on Mouse Embryonic Tissues 
Mouse embryos of day 10 to 1 8 w e r e fixed in 10% 
buffered formalin. They were processed for light microscopy 
and sectioned at 5-7/iin. The sections were deparaffinized and 
rehydrated. After digestion, SQMl antibody was labelled as 
in section .2.1.1.1. 
3.3 SQMl Localization on Normal Nasopharyngeal Cells 
Primary outgrowth of epithelial cells from normal 
nasopharyngeal epithelial explants on glass coverslips were 
used to detect the reactivity of SQMl antigen by PAP method 
as described in section III.2.1.1.1. 
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3.4 SQMl Localization on Nasopharyngeal Biopsies 
Twenty-six biopsies (23 transformed and 3 norma v/c!rc‘ 
obtained from Prince of Walse Hospital. They were formalin-
f ixed and paraffinized. Sections of 5-7/im in thickness v/ere 
subjected to SQMl antibody staining and the results v/ere 
enhanced by PAP method as in section III.2.1.1.1. 
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4. Characterizations of EC/CUHK2 Cells in Different 
Extracellular Calcium Ion Concentrations 
4.1 Preparation of Serum-Free Culture Medium 
To 100ml MCDB 151 medium (Sigma) with 1. 5/iM iron ( ) 
sulfate and 3. O^ tM zinc sulfate, serum supplementation was 
depleted. In contrast, the culture medium contained 10/ig/ml 
epidermal growth factor (EGF) , lOO^M ethanolamine, 10 0/iM 
phosphoethanolamine, 1.4/LiM hydrocortisone, 5/ig/ml insulin, 
lOOIU/ml penincillin and 100/ig/ml streptomycin (Boyce and 
Ham, 1983). 
4.2 Preparation of Medium with Different Calcium Ion Levels 
4.2.1 Calcium ion chelation method 
To lOOml MCDB 151 culture medium (Sigma) , the 3 • xlO-"^M 
calcium ion concentration was chelated by 5g Chelex-100 
resin, 200-400 mesh, in sodium form (BI RAD). The culture 
medium was continuously stirred for 30 minutes after the 
addition of chelating resin. The medium was then filtered 
and centrifuged to remove the resin. 
4.2.2 Preparation of culture medium 
Four concentrations of calcium ion were prepared, 
namely: OmM, 0.3mM, 1.OmM and 1.8mM. The OmM medium was the 
65 
calcium ion chelated MCDD 151 culture medium v/i th 
supplements as in section 4.1. Various volumes of 1. OmM 
CaCl2 solution were added to other calcium-chelated media to 
modify the calcium ion concentration to suitable levels. 
4.3 Characterizations 
4.3.1 Morphological studies 
Different morphological studies were described in 
section I.1.1.1. 
4.3.2 Determination of cytokeratin production 
Wide spectrum cytokeratin kit (DAKO PAP KITtm System 40) 
was used to determine the cytokeratin production in cells 
cultured under different calcium ion concentrations. The PAP 
method used has already been described in section 
i l . l . l . 
4.3.3 Determination of involucrin production 
4.3.3.1 ABC staining method 
The procedure was recommended in the instruction in the 
Rabbit IgG VECTASTAIN ABC KIT (Vector) • The cells on the 
glass coverslips were fixed in 3.7% formaldehyde in •IM PBS 
supplemented with •5mM CaCl? and 0.5mM MgCl2, digested, 
blocked and stained with the rabbit IgG polyclonal antibody 
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of involucrin (from H. Green, MIT, Harvard) . It v;as then 
followed by VECTASTAIN ABC Reagent as described in cecti on 
111.2.1.1 
4.3.3.2 Indirect immunofluorescence method 
The cultured cells on the glass coverslips were blocked, 
stained with involucrin ( gG). They were then exposed to 
fluorescein-conj ugated goat anti-rabbit immunoglobulin 
(FITC gG) (Jackson Immunoresearch). The fluorescent 
staining was viewed under the fluorescence microscope as in 
section I 
4.4 Atomic Absorption Spectrophotometry 
This analytical technique is used for the qualitative 
and quantitative determination of an element in a sample. 
The sample, in the form of homogenous liquid, is introduced 
into a flame where thermal and chemical reactions create 
"free" atoms capable of absorbing at characteristic 
wavelengths. A light source emitting a narrow spectral line 
of the characteristic energy is used to excite the free 
atoms formed in the flame. The decrease in energy 
(absorption) is then measured. Modified from the Lambert-
Beer Law, the absorbance is proportional to the 
concentration of a particular element in the sample. 
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ABSORBANCE = logio ^o/^t ^ C 
where Iq intensity of the incident radiation emitted by 
the light source 
It = intensity of the transmitted radiation emitted 
by the light source 
C = concentration of a particular element in the 
sample 
4.4.1 Setting for calcium ion measureirient 
Calcium lamp was installed. The lamp current was 
adjusted to 3mA and the light beam was single. The slit 
width for the beam passing was modified to 0.5nm and 
wavelength detected was set to 422.7nm. To elicit a flame, a 
gas mixture of air-acetylene was used. 
4.4.2 Preparation of standard solutions 
4.4.2.1 Dissolution of lanthanum chloride in aminonical EDTA 
((NH4)4EDTA) solution 
Interference was suppressed by the use of an organic 
EDTA to increase the effectiveness of an inorganic releasing 
agent, lanthanum (Adams and Passmore, 1966). 
A stock buffer solution equivalent to 0.25M (NH4)4EDTA 
and 5,000 ppm LaCl] was prepared. EDTA (4.75g) was dissolved 
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in 10ml deionized distilled water with sufficient NH/i OH to 
react completely with EDTA. LaCl] (0.1883g) was dissolved 
separately in 1.5ml concentrated perchloric acid (IICIO4) and 
diluted to 10ml with distilled water. The ammonical EDTA 
solution was then mixed with lanthanum solution v/ith 
vigorously stirring. Enough NH4OH was added to maintain the 
solution basic. The final volume was diluted to 50ml. 
4.4.2.2 Preparation of standard solutions with different 
calcium ion concentrations 
Standard solutions with calcium ion concentrations: , 
10, 50 and 100 ppm was prepared from the stock solution 
(1,000 ppm) (0.624g CaC 3 was dissolved in 6.25ml 1:4 
concentrated HNO3 and then diluted to 250ml) with 1% La^^ 
solution as releasing agent (from the stock buffer solution 
prepared in section 4.4.2.1). 
4.4.3 Preparation of sample solutions 
Cells cultured in 4 dia with different extracellular 
calcium ion concentrations for 2 hours were washed and were 
transferred to culture medium with OmM calcium ion 
concentration supplemented with 0. 3/iM EDTA and IO^ lxM BAPTA-AM 
(1,2-bis(2-amino-phenyl)-ethane-N,N,N ’ N,-tetraacctic-aceto-
xymethyl ester) for 2 hours. BAPTA-AM was used to block the 
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transmembrane flux of calcium ions (Molecular Probo::, 
Handbook of Fluorescent Probes and Research Chemicals, 1989-
1991) (Tsunoda and Matsimiya, 19 8 7; Nasmith and Grinstein, 
1987). After washing, the cells were brought to suspension 
by brief trypsinization. The cell numbers were counted and 
the cells were lysed by 1:16 0 concentrated UNO 3 for 15 
minutes at room temperature. Supernatant was retained after 
high speed centrifligation. The supernatant was then diluted 
, 10 and 50 times and the calcium ion content in the 
samples was checked by atomic absorption spectrophotometer 
AA1275. The operation was described in the Manual of AA1275 
series Atomic Absorption Spectrophotometer (VARIAN, 
publication no. 8 5-1004 16-00, 1980). 
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5. SQMl Localization on EC/CUHK2 Cells in Different 
Extracellular Calcium Ion Concentrations 
5.1 Comparison of SQMl Antigens Localization on EC/CUHK2 
Cells in Different Culture Media 
The EC/CUHK2 cells were maintained in DMEM (Sigma) with 
5% fetal calf serum supplemented with penincillin and 
streptomycin for the first 2 4 hours. The culture was then 
changed to MCDB 151 (Sigma) with 5% fetal calf serum and 
supplementations for the next 2 hours. In the interval of 26 
to 28 hours, the cells were maintained in serum-depleted 
defined MCDB 151 culture medium with supplementations and 
0.5mM calcium chloride. In the further 2-hour culture, the 
cells were put to the medium with similar components but 
without any calcium ion (calcium-cheleted) • Then, the 
culture was transferred to different calcium ion 
concentrations. At different time intervals from the first 
24 hours, cells were harvested respectively and they were 
subjected to radioimmunoassay of SQMl antibody binding. 
5.2 Ultrastruetural Localization of SQMl Antigens 
The LM study was described as in section .2.1.1 and 
the EM study could be found in section III.2.1.3. 
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5.3 Radioimmunoassay 
The method was described in section 111.2.1.4. 
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6. SQMl Localization on EC/CUHK2 Cells with Changes of 
Extracellular Calcium Ion Concentrations 
6.1 Radioimmunoassay 
The EC/CUHK2 cells were transferred to culture medium 
with 0.3mM calcium ion concentration after 12-hour culture 
in 4 different calcium ion concentration media. The SQMl 
localization was detected in hour 1, 5, 12, 15 and 24 by 





Esophageal carcinoma cell line, EC/CUHK2 
The biopsy was obtained from a Chinese male patient, age 
57, in Prince of Walse Hospital. The epithelial cells were 
subcultured and maintained in Dulbecco‘s Modified Eagle 
Medium, DMEM (Sigma) with 10% fetal calf serum (FCS) 
supplemented with lOOIU/inl penincillin and lOO/xg/ml 
streptomycin. Up to the present presentation, over 90 
passages were obtained. 
1. Characterizations of EC/CUHK2 Cell Line 
1.1 Morphological Studies 
1.1.1 Morphological studies on plastic culture coverslips 
Phase contrast microscopy revealed the presence of 
polygonal cells. At subconfluent densities, the cells 
adhered closely and grew as clusters (f ig. 4). As the 
colonies increased in sizes, cells at the outer edges of the 
colony came into contact with one another and acquired a 
mosaic-like or ‘cobble-stone‘ appearance (fig. 5). The 
colonies were still visible at confluent stages with the 
centres made up of small, closely-packed cells whereas 
larger and more flatten cells were found located in the 
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periphery (fig. 5). The sizes and shapes of the cgI I c v/or o 
non-uniform or pleomorphic (fig. 5) . Some cells were found 
to be large, giant in sizes (fig. 6) . The dividing cgIIs 
were round with smaller sizes and located slightly elevated 
than other flattened cells. 
The carcinoma cells were fixed in 10% buffered formalin 
and stained with hematoxylin and eosin. Light microscopic 
study showed that the eel Is were polygonal (fig. 7) . Non-
dividing cells lied flatten on the substratum with numerous 
surface microvillous processes extending out. Polykaryon 
giant cells were frequently encountered. The nuclei were 
large with one or more prominent nucleoli (fig. 7). 
Under TEM, the polygonal cells were separated from each 
other by intercellular spaces within which long, slender 
microvillous processes were found interdigitating (fig. 8). 
Desmosomes with the anchorage of cytoplasmic filaments were 
observed in areas of cellular contact (f ig. 9). 
Hemidesmosomes or intracytoplasmic desmosomes were sometimes 
found in some cells. Moreover, bundles of tonofilaments were 
observed scattered in the cytoplasm (fig. 9) . The nuclei 
were large and were usually indented. The nucleoplasm was 
slightly stained in contrast to the marginal condensation of 
chromatin (heterochromatin) (fig. 10)• 
SEM showed that most of the cells were rich in surface 
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projections (e.g. microvilli or belbs) (fig. 11 , 12 and 1 
and with complicated intercellular processes (f ig. 14) . 5Jomo 
flattened cells, however, had much less surface projections 
(fig. 15) which indicated the presence of cellular 
heterogenity in the same tumor population. 
1.1.2 Morphological studies on collagen gel 
TEM study showed that the eelIs grown on collagen gel 
formed a sheet. Cell stratification was found (fig. 16). The 
cells in the uppermost layer were flattened while the basal 
eel Is were more polygonal in shape and they v/ere active in 
cell division with prominent chromosomal condensation. In 
the lower layers, the cells were also much smaller and more 
closely packed with narrow intercellular spaces (fig. 17). 
Desmosomes were present at cell-cell contact areas (fig. 
18). 
1.1.3 Air-liquid interphase culture 
Esophageal carcinoma cells were seeded on collagen 
membrane which was rigidly supported by minipore filter and 
stainless steel holder. After culturing for 7 days, SEM 
photographs of these cells described their penetration 
capacities (fig. 19). The collagen fibres were retracted and 
gave spaces for the anchorage of the tumor cells onto the 
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lower layers. Some eel Is even made direct contact v/ i tli tho 
fibres of the minipore filter (fig. 20) . Having pcnotratod 
into the collagen gel, some cell colonies showed piling-up 
characteristic as seen in figure 21 while some eelIs 
remained single. The tumor cell that grew on the collagen 
gel surface was rare. 
1.2 Growth Kinetics 
The growth kinetic curves were shown in figure 22. The 
log phase of the cells was obtained after 2-3 days in 
culture and the eel Is had the population doubling time of 
about 24 hours. 
1.3 Serum Dependence and Saturation Density 
The growth kinetic curves of both the esophageal 
carcinoma cells and fibroblasts which were grown in media 
with different fetal calf serum concentrations were shown in 
figure 22 , 23 and 24. The tumor cells exhibited lower growth 
rate in 10% serum concentration than that of the fibroblasts 
whereas the rates were similar in 0.5% serum level. In 10% 
serum concentration, the saturation density was 2 5x10"^ 
cells/ml at day 6 after seeding (f ig. 22) and also 2 5x10'^ 
cells/ml at day 8 in 0.5% serum level (fig. 24) . At 5% serura 
level, the tumor cells showed a significant increase in the 
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growth rate and attained the saturation density ol 1.0 f j x 10''' 
cells/ml at day 6 after seeding (fig. 23). On the other 
hand, the fibroblasts had the saturation density of 4 5x10'' 
cells/ml at day 5 and began to decrease thereafter. As a 
result, EC/CUHK2 cells grew preferentially in serum 
concentration at 5% (fig. 25). 
1.4 Plating Efficiency 
When the esophageal carcinoma cells were seeded at a 
density of 315 cells / 25cm2 tissue culture flask, the 
average plating efficiency was 9.43 1.69% at day 14. The 
efficiency was 28.07 5.43% when the seeding density was 
175 cells / 25cm2 flask. 
1.5 Spheroid Formation Assay 
In suspension culture in 1% Noble agar, the esophageal 
carcinoma cells formed aggregates from 2-day culture onwards 
(fig. 26) and gradually increased in size (fig. 27) with an 
average diameter of 40-50/im. Some of them even reached the 
diameter up to 130/im after 14-day culture. However, some 
still remained as single cells without forming any 
aggregates. 
Morphological study showed that a 14-day spheroid was 
composed of a compact mass of cells. Under TEM, the cells at 
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the periphery of the spheroid were elongeited in shapo v/iUi 
oval nuclei (fig. 28) and large intercellular spaces within 
which adjacent cell microvillous processes v/ero 
interdigitating (fig. 29). At the areas of cellular contact, 
desmosomes were often seen (fig. 30). Extensive cytoplasmic 
tonofilaments were occasionally encountered in this 
peripheral eel Is in contrast to the central eel Is which v;ere 
found to have extensive perinuclear tonof ilaments. 
In the centre of the spheroid, the cells were very 
compact with narrow intercellular spaces (fig. 31). No 
necrotic area was observed even the spheroid was maintained 
for 25 days. 
1.6 Chromosome Analysis 
Cytogenetic analysis on 100 esophageal carcinoma cells 
at passage 7 2 revealed that the chromosome number varied 
from 3 3 to 7 8 with a modal chromosome number of 4 3 (fig. 
32). This demonstrated that the cells in this cell line were 
aneuploid. 
1.7 Determination of Keratin Production 
Esophageal carcinoma cells at passage 7 0 were detected 
to stain more strongly by keratin monoclonal antibody AEl 
and AE3 (fig. 33). The result of AE2 staining on these cells 
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was negative (fig. 34). 
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2 Distribution of SQMl Protein on EC/CUHK2 Cells 
2.1 Morphological Studies 
The esophageal carcinoma cells of passages 25, 58 and 72 
were subjected to SQMl antibody binding. The results of the 
PAP and the indirect immunofluorescence staining showed that 
the gross distribution of the antigens on these cells did 
not have any significant difference between various 
passages. Mainly at the cell boundary, particular binding 
affinity was detected along the microvillous surface (fig. 
35 and 36) . Using the indirect immunofluroescence technique, 
better result was observed at cell contacts (e.g. cell-cell 
adhesion). On the upper surface of the cells, the binding 
was rather weak and some cells did not showed any positive 
staining (fig. 3 7a and b). 
The use of colloidal gold labels gave more precise 
information on the localization of the antigens. The 
distribution of the antigens in EM study was similar among 
the cells of different passages. They were mainly located on 
the cell surfaces especially those of the cell projections 
and microvillous processes (fig. 38) . Higher magnification 
was used to show the reactivity of SQMl antibody with the 
microvillous surface in figure 39. At cell contacts, no SQMl 
antibody was found to bind onto the desmosomes (fig. 40), 
81 
homidosmosomos as well as the tonof: ilamonts. The cy top 1 
and nucleus also showed negative reaction to SQMl antibody. 
The colloidal gold labels were enhanced by silver 
particles and the LM observation also showed the importance 
of the microvillous processes in the expression of the SQMl 
antigens (fig. 41a) . The enhanced particles were also found 
over the cell surfaces within the colony (fig. 41b). 
2.2 Radioimmunoassay 
Apart from the morphological study of the distribution 
of the SQMl antigen on EC/CUHK2 cells at different passages, 
the results were quantified by radioimmunoassay and they 
were summarized in table 1. 
Table 1. SQMl antibody reactivity with different 
passages of the EC/CUHK2 cell line 
Binding Ratio 
Passage No. 
1 2 3 X S. D. 
25 4.377 4.945 5.525 4.949 0.57 
58 4.579 4 .222 4.945 4.582 0.36 
70 4.413 5.04 1 3 .809 4.421 0.62 
The result was made in triplicate 
X : mean value 
S.D.: Standard Deviation 
82 
3. SQMl Localization on Other Cells and Cell Lines 
3.1 Radioimmunoassay of SQMl Protein on Various Cell Lines 
The results of the distribution of SQMl antigens were 
summarized in table 2. The normal fibroblast cell line (FLF) 
was used as a control reference that the fibroblastic cells 
did not show any SQMl protein expression (Boeheim, 1985). 
Table 2. SQMl antibody reactivity with human cell 
lines in culture determined by radioimmunoassay 
Binding Ratios 
Cell Lines 
1 2 3 X S. D. 
Esophageal (neoplastic) 
EC/CUHKl-75 1.65 2.06 1.30 1.67 0.38 
EC/CUHK2—72 4.40 3.81 5.04 4.42 0.62 
Cervical (neoplastic) 
CC2-65 1.96 2.77 1.33 2.02 0.72 
CC3/CUHK3-65 1.85 1.56 1.45 1.62 .21 
Tongue (neoplastic) 
CTl-12 3.64 2.55 3.02 3.07 0.54 
CT2-10 2.58 1.95 3.39 2.64 .72 
Normal fibroblast 
FLF—10 1.49 1.22 1.01 1.24 0.24 
Binding ratio was defined by dividing the antibody 
binding (CPM) in test cells by CPM in control cells. 
The results were made in triplicate. 
3.2 SQMl Localization on Human Bronchial Epithelial Cells 
These epithelial cells were primarily outgrown from the 
explants. After maintaining in culture medium for 2 days, 
83 
the cells were reacted with SQMl monoclonal antibody and 
FITC-IgM secondary antibody. Strong binding of fluorescent 
stain was observed on the cell surface (fig. 4 2). Polygonal 
and round cells showed similar results. Particular attention 
was paid to the cell boundary (fig. 43) where attachment to 
the culture substratum was made. 
3.3 SQMl Localization on Human Nasopharyngeal Epithelial 
Cells 
The epithelial cells were primarily outgrown from the 
explants and maintained in culture medium for 2 days. After 
interaction with SQMl antibody and enhancement with PAP 
method, positive result was found in these cells. More 
intensive binding was observed in those cells that possessed 
microvillous processes on the cell surface (fig. 44) than 
those cells that were round to oval in shape with smooth 
surface ( fig. 45). 
3.4 SQMl Localization on Human Nasopharyngeal Epithelial 
Biopsies 
The diagnosis of the biopsies were made by the 
pathologists in Prince of Walse Hospital. The 
classifications and the results of SQMl antibody staining 
were summarized in table 3. 
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Table 3 SQMl anti body reactivity with varr ou:^  
nasopharyngeal epithelial biopsies 
SQMl staining 
Diagnosis No. of biopsy 
+ + + — 
Normal : 3 0 0 0 3 
Undifferentiated 
carcinomas : 19 0 0 4 15 
Squamous metaplasia : 4 2 2 0 0 
The SQMl staining was divided into 4 grades: ++, +, 
and with respect to the observation made by lOx 
objective under light microscopy 
Strong staining was found in the nasopharyngeal 
epithelia with squamous metaplasia (fig. 46). Positive 
reactivity was detected in the suprabasal layers of the 
stratified squamous portions (fig. 47). The basal and 
uppermost layers were found negative in SQMl staining. The 
surface of the undifferentiated types of neoplastic 
nasopharyngeal epithelium showed rather weak to nil 
reactivity (fig. 48). 
3.5 SQMl Localization on Mouse Embryonic Tissues 
Under light microscopy, SQMl antigen was first found 
between the epidermal layers of the mouse embryos of day 16h 
to 18 i. The maj or site was in the suprabasal layers (spinous 
and granular cell layers) (fig. 49) • No staining was found 
among the basal cells. In the uppermost keratinizing layers, 
the result was also negative. The root sheaths and the 
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dermal papillae of the hair follicles were obsorvcd to boa r 
SQMl antigens (fig. 50). 
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4. Characterizations of EC/othk2 cells in Pifferent 
Extracellular Calcium Ion Concentrations 
4.1 Morphological Studies 
Esophageal carcinoma cells with the passage 66-70 v/ere 
cultured in serum-free defined culture media (section 
III.4.2) with different calcium ion concentrations. Samples 
were harvested at hour 2, 3, 4, 12, 24, 48 and 72 to observe 
the changes in cell characteristics and SQMl antigen 
localization. Four calcium ion levels were chosen to 
investigate the changes. 
i) OmM calcium ion concentration 
Under the phase-contrast microscopy, the cells were 
round in shape after 2 hours of incubation (fig. 51) . The 
number of round-up cells increased with the culture period 
(fig. 52) and floating cells were observed in the medium 
showing that their abilities in cell-cell and cell-
substratum attachment were low. Only a minor proportion of 
cells were still found spreading out on the plastic tissue 
culture plates. 
Ultrastructural study showed a few short microvillous 
processes or other projections on the cell surface (fig. 
53) . The cytoplasmic coinposition was simple in comparison to 
normal cells. The mitochondria were few in number and 
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scattered with loose cri stae ( f i g . 54 ) . i m i 1.a r ob^ _;Grva t i on 
was also found in endoplasmic reticulum. 
The size of the nucleus was large and oval in relation 
to the peripheral belt of the cytoplasm resulting in large 
nucleus to cytoplasm ratio (fig. 53) . Within the nucleus, 
the amount of the heterochroraatin was very inuch lesser than 
that of normal cells (fig. 53). Nucleolus was rarely found. 
Tonof ilaments, in the first 5 hours, were seen to be 
located perinuclearly (fig. 54) with scanty amount. They 
disappeared in further culture. Also, intercellular 
desmosomes and hemidesmosoines were not frequently found 
(fig. 55). 
ii) 0.3inM calcium ion concentration 
The cells spread out on the culture substratum with 
strong colony-forming abilities. Different sizes of the 
colonies were detected under phase-contrast microscopy (fig. 
56) . The sizes increased with the culture period. The cell-
cell and cell-substratum interactions were prominent. 
Occasionally, there were round actively dividing cells (fig. 
57). 
Ultrastructurally, the polygonal cells bear increasing 
amount of surface microvillous processes and other surface 
projections. The microvillous processes were slender and 
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1ong (fig. 5B). 
More complicated cytoplasmic organizations v/ero 
observed. There were increasing amount of mitochondria, 
rough and smooth endoplasmic reticulum, glycogen granules 
and ribosomes (fig. 59). The cristae inside the mitochondria 
were closely packed and tubular in shape. The cellular 
metabolic activity was high as revealed by the formation of 
intracytoplasmic granules. Lysosomes were frequently found 
when the cells incubated in 0.3mM calcium ion concentration 
longer (fig. 60a). 
Cytoplasmic tonofilaments were diffuse in distribution 
and the occurrence was frequent (fig. 60b) . Intercellular 
desmosomes could be easily observed with the anchorage of 
cytoplasmic filaments (fig. 61). 
iii) 1 • n\>l calcium ion concentration 
The cells were polygonal in shape and pleomorphism was 
frequently found (fig. 62 and 63) . Some giant cells were 
also observed. The nuclei were distinct with prominent 
nucleoli. Sometimes, 2 or more nucleoli were seen. 
In these polygonal cells, the nucleus to cytoplasm ratio 
was small as compared to cells grown in OmM calcium 
concentration (fig. 64) . More surface microvillous processes 
spread out from the cell indicating a strong cell-substratum 
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interaction. The projections were long and slender (fi ^j. 
65), contributing to complicated and largo intercellular 
space. 
Junctional complex was distinct (fig. 66) . Desmosomcs 
were easily found. Attached to the desmosomal complex, 
cytoplasmic filaments were prominent. Besides, bundles of 
tonofilaments were also found scattered in the cytoplasm in 
high intensity (fig. 67). 
Within the cytoplasm, the composition of the organelles 
was not simple. Mitochondria were found in high density. 
They were swollen and the cristae were plate-like and 
closely packed together which increased the efficiency of 
metabolism (fig. 67). Other organelles, like the ERs, 
glycogen granules and cytoplasmic vacuoles also increased in 
number. 
iv) 1.8mM calcium ion concentration 
The colony-forming ability was not lower than those 
cells growing in 1.OmM calcium ion level (fig. 68 and 69). 
In further culture of about 2 4 hours, some cells began to 
slough off from the culture substratum. Prominent degree of 
retraction of microvilli was observed when the cells were 
subjected to brief trypsinization. Thus, TEM sections showed 
some polygonal to round cells whereas certain amount of 
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microvillous processes or surface projections v/ere t i 1 1 
detected (fig. 70). 
The peripheral cytoplasmic belt was fully occupied by 
various organelles (fig. 70) . Oval to tubular cristae v/ere 
found in mitochondria in contrast to the high metabolic 
efficiency of the plate—like cristae in the cells that were 
maintained in 1.OmM calcium ion concentration. 
The most distinct characteristic was the prominent 
appearance of thick bundles of tonofilaments. At hour 2 to 
5, they were located perinuclearly (fig. 71) while some of 
them began to diffuse out in prolonged, culture (fig. 72 and. 
73). 
Other distinguishing feature was the presence of dense-
bodies (fig. 74) at hour 24 onwards. They tended to increase 
in number in further culture. 
Nuclear digestion was observed in those cells that were 
ready to slough off from the colony. The nuclear membrane 
was maintained intact while the nuclear content was 
degenerating (fig. 75). 
4.2 Determination of Cytokeratin Production 
After interaction with the cytokeratin antibody, the PAP 
method revealed the epithelial nature of the esophageal 
tumor cells. They showed little cytokeratin production when 
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cultured in calciiim-dGplotGd medium (tig. 7 G) . in mcicH urn 
with 0.3mM calcium ion concentration, the positive staininq 
intensity increased from hour 3 onwards. It sGemed to be 
saturated at hour 5 to 7 (fig. 77). The staining pattern v/as 
indicated by the presence of diffuse filamentous substances 
in the cytoplasm. Stronger staining intensity was found in 
those cells that were cultured in medium with 1.SmM calcium 
ion concentration and the optimum level was found in hour 5 
(fig. 78) . Thus, higher calcium ion concentration in the 
medium could induce better expression of cytokeratin 
production which indicated that the cells were more 
differentiated. 
4.3 Determination of Involucrin Production 
ABC was used to demonstrate the distribution of the 
involucrin molecules in the cells that were cultured in 
different calcium ion concentrations at different periods. 
Cells grown in higher calcium ion levels expressed more 
positive results to the involucrin antibody (fig. 79) than 
those in lower calcium ion levels as revealed in figure 80. 
This protein was found diffuse throughout the cytoplasm and 
some condensed at the cell periphery especially when the 
cells were subjected to high calcium ion concentrations. 
This agreed with the description that involucrin molecules 
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were related to squamous differentiation. 
4.4 Atomic Absorption Spectrophotometry 
4.4.1 Determination of absorbance in standard calcium ion 
solutions 
Standard solutions of various calcium ion concentrations 
dissolved in 1/160 HNO3 with 0.005M (NH4)4EDTA and lOOppm 
lanthanum ion were uieasured in absorbance mode using atomic 
absorption spectrophotometer AA12 7 5. The machine was pre set 
as in section .4.4.1. The reading was summarized in table 
4 and plotted in figure 81. 
Table 4. Atomic absorption spectrophotometry readings of 
the standard solutions with 4 different calcium ion 
concentrations dissolved in 1/160 HNO3 with 0.005M 
(NH4)4EDTA and lOOppm lanthanum ion 
a.a. reading (absorbance) 
[Ca2+] 
(ppm) 1 2 3 4 5 X S.D. 
0 0.006 0.002 0.004 0.004 0.002 0.004 0.0017 
10 0.244 0.216 0.204 0.198 0.220 0.216 0.018 
50 0.936 0.832 0.794 0.768 0.852 0.836 0.064 
100 1.426 1.334 1.332 1.266 1.326 1.337 0.057 
Expansion factor was 1.0 x : average reading 
Integrating time was 3.0 second S.D. : standard deviation 
Lamp current was 3.0 mA 
Lamp wavelength was 4 2 2.7 nm 
Slit width was 0.5 nm 
4.4.2 Determination of calciuin ion concentration in the 
sampling cell solutions 
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Cells cultured in media with 4 d i f foront calcium i on 
levels: 0, 0.3, 1.0 and 1.8mM were harvested, counted, lyced 
and calcium ion extracted. The sampling solutions v/ere 
brought to atomic absorption spectrophotometer to determine 
the intracellular calcium ion concentration. The final 
washings of the cells before lysis were retained and the 
calcium ion concentrations in them were checked. The overall 
results were summarized in table 5 and 6 and figure 82. 
Table 5: Atomic absorption spectrophotometry reading of the 
sampling cell solutions originally cultured in 4 media with 
different calcium ion concentrations and dissolved in 1/160 
HN 3 with 0.005M (NH4)4EDTA and lOOppm lanthanum ion 
a.a. reading (absorbance) 
[Ca2+] in 
culture media 1 2 3 4 5 washing 
0 mM 0.005 0.006 0.008 0.005 0. 007 0.003 
0.3 mM 0.095 0.098 0.103 0.092 0.091 0.005 
1.0 mM 0.392 0.389 0.395 0.384 0.412 0.005 
1.8 mM 0.116 0.124 0.122 0.136 0.129 0.003 
Expansion factor was 1.0 
Integrating time was 3.0 second 
Lamp current was 3.0 mA 
Lamp wavelength was 422.7 nm 
Slit width was 0.5 nm 
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Table 6 The intracellular calcium ion levels obtained I: rorn 
the atomic absorption spectrophotometry of the sampling 
solutions 
[Ca2+] 
[Ca2+] in Cell count 
culture media (no. of cells / ml) Average S.D. 
0 mM 2.IxlO^ 0.1756 0.0365 
0.3 mM 7. 2x10"^ 0.7934 0. 0401 
1.0 mM 19. 2x10"^ 1.2274 0. 0331 
1.8 mM 2.2x10^ 3.3750 0.2027 
The calcium ion concentration (/ig/cell) was calculated by 
correlating the absorbance to the [ C a 2 + ] (ppm) (/xg/ml) on 
the standard curve and then divided by no. of cells per ml. 
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5. SQMl Localization on EC/CUHK2 Cells in Different 
Extracellular Calcium Ion Concentrations 
5.1 SQMl Localization on EC/CUHK2 Cells in Different 
Culture Media 
EC/CUHK2 cells were incubated in different culture media 
for different time intervals. SQMl antibody binding v/as 
checked by radioimmunoassay and summarized in table 7. 
Table 7: Radioimmunoassay of SQMl reactivity in EC/CUHK2 
cells in different culture media 
Binding Ratios 
Culture Medium 
1 2 X S.D. 
Hour 0 - 2 4 
DMEM (Sigma) 
+ 5% FCS 4.91 4.61 4.76 0.21 
Hour 24 - 26 
MCDB 151 (Sigma) 
+ 5% FCS 4 .86 4.20 4 . 53 .4(S 
Hour 26 - 28 
MCDB 151 (Sigma) 
+ defined components 
+ 0.5mM CaCl2 4.77 3.75 4.26 0.72 
Hour 28 - 30 
MCDB 151 (Sigma) 
+ defined components 
+ 0 mM CaCl2 1.30 0.94 1.12 0.25 
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Hour 30 onwards 
MCDB 151 (Sigma) 
+ defined components 
1. + OmM CaCl2 1.41 0.65 1.03 0.53 
2. + 0.3mM CaCl2 1.57 1.05 1.31 0.37 
3. + 1.OmM CaCl2 1.57 1.01 1.29 0.4 
4. + 1.8mM CaCl2 1.55 1.17 1.36 .27 
All culture media were supplemented with l IU/ml 
penincillin and lOO/xg/ml streptomycin. 
FCS was the abbreviation of feta calf serum. 
The results were made in duplicate. 
5.2 Morphological Studies 
i) OmM calcium ion concentration 
(a) Peroxidase-anti-peroxidase method 
The results of SQMl antibody binding at hour 2 , 5 and 2 4 
were negative (fig. 83). 
(b) Indirect immunoflucresecence method 
Throughout the whole culture period of 48 hours, very 
little fluorescent stain was found in the cells (fig. 84). 
(c) Immunogold localization 
Weak immunogold staining was found on the surface of the 
cells cultured in this calcium-depleting medium throughout 
the whole culture period (fig. 85). The difference in 
the localization was not significant among cells harvested 
at different time intervals. 
The gold particles were associated mainly with the 
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surface microvillous processes (fig. 8 6). 
ii) 0.3mM calcium ion concentration 
(a) Peroxidase-anti-peroxidase method 
The staining intensity increased in the first 5 to 10 
hours and became constant thereafter. At hour 2, the result 
was fair with only a little portion of cells took up the 
positive brown colour (fig. 87a). The cell boundary was more 
intensively labelled from hour 5 (fig. 87b) onwards. The 
edges within the cell colonies were well stained at hour 12 
(fig. 87c) so that the cell shapes could be observed more 
clearly. The proportion of cells with positive results and 
the staining intensity became reduced at hour 24 (fig. 87d). 
(b) Indirect immunofluorescence method 
Similar to the PAP results, the staining intensity and 
the proportion of positive staining cells increased in the 
first 10 hours (fig. 88). 
Fluorescent stains were found on the cell surface (fig. 
89a) but more intense at cell contacts (fig. 89b)• 
(c) Iminunogold localization 
Higher density of immunogold particles was observed in 
this study. At hour 2, the density of gold particles did not 
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differ greatly from the cells cultured in OmM calcium ioi 
level (fig. 90). Greater density was found at and after hour 
5 (fig. 91 & 92)• 
Following the general pattern of SQMl antigen 
expression, the gold localization had a particular 
association at the sites of cell-cell interdigitations. The 
membrane surface of the microvillous processes was a primary 
site for SQMl antibody-antigen interactions. 
iii) 1.OmM calcium ion concentration 
(a) Peroxidase-anti-peroxidase method 
Highest staining intensity was found at hour 5 to 10. 
Only some cells at hour 2 were labelled with peroxidase but 
the proportion was higher than that cultured in other media 
with the same time interval. In prolonged culture, the 
intensity decreased and just a fair staining was found in 
cells at hour 48 (fig. 93). 
The staining pattern of SQMl antibody was most clearly 
demonstrated at hour 5 to 10. The cell edges that facing 
adjacent cells were stained more strongly than that of the 
upper surface. This might indicate the trapping of the 
colour precipitate between the intercellular spaces or the 
high expression and localization of SQMl antigens in these 
sites. 
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(b) Indirect immunofluorescence method 
Similar pattern of staining as the PAP method was tound 
in this section (fig. 94). 
(c) Immunogold localization 
Strongest labelling of SQMl antibody immunogold 
complex was detected in this calcium ion concentration 
particularly from hour 5 onwards (fig. 9 5 & 96). Higher 
calcium ion level could induce an increase in the colony-
forming ability of the cells. Thus, this agreed well with 
the finding from Wong ^ al. (1990) that SQMl antigen 
expression might be associated with the establishment of 
cell-cell or eel1-substratum adhesion. 
Intercellular microvillous interdigitation was a ma j or 
site for SQMl antigen. Some gold particles were even 
observed at the membrane surface at the base of the 
microvilli (fig. 91) . Desmosomal structures were not 
associated with the SQMl antigen (fig. 98). 
iv) 1.8mM calcium ion concentration 
(a) Peroxidase-anti-peroxidase method 
Only a limited proportion of cells were labelled with 
positive stain throughout the whole culture period (fig. 
99) . The high colony — forming abililty of the cells in this 
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calcium ion concentration gave us a chance to revca 1 tlio 
localization of the SQMl antigens within the cell colony. 
Figure 99b showed that SQMl antigen was not found in all 
intercellular spaces. This was also observed in cell 
colonies maintained in other culture media. 
At hour 72 (fig. 99c) , large cell colonies were found 
and cell layering was sometimes detected. Within the colony, 
the cells were closely packed and the cells were reduced in 
sizes. 
(b) Indirect immunofluorescence method 
The intensity of staining was lower in cells incubated 
in this calcium ion concentration than those cells cultured 
in 0.3 or 1.OmM calcium ion concentration (fig. 100). 
(c) Immunogold localization 
Few gold particles were observed and the density 
decreased as the culture time increased. At hour 2, gold 
particules were still detectable in the intercellular space 
within the cell colonies (fig. 101). The density was similar 
to those cells cultured in 0.3mM calcium ion level at hour 
2. The general pattern of SQMl antigen expression was 
observed, that is, the antigen was mainly associated with 
the microvillous surface (fig. 101a), none on desmosomes and 
tonofilaments. The density decreased thereafter. 
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5.3 Radioimmunoassay 
To quantify the antibody binding to the surface 
antigens, radioimmunoassay was employed. The results of SQMl 
antibody binding were summarized in tables 8a and b and 
figure 102. 
Table 8a: Binding ratio of SQMl antibody on EC/CUHK2 cells 
in media with different calcium ion concentrations 
TIME (hours) 
[Ca2+] 
2 3 4 12 24 48 
OmM 0.70 0.88 0.94 1.38 1.12 2.18 
0.74 1.52 1.73 1.26 1.67 1.44 
1.65 1.32 0.84 1.71 0.86 1.42 
0.3mM 1.72 2.66 5.98 6.28 5.76 5.15 
1.13 1.46 4.51 4.69 4.87 4.53 
1.08 1.64 4.27 4.51 4.49 4.45 
1.OmM 1.75 2.53 5.92 6.24 6.44 4.73 
1.10 2.03 4.88 4.75 5.38 3.79 
1.02 1.47 4.62 3.83 5.04 4.08 
1.8mM 1.66 2.08 1.71 2.78 2.89 1.53 
1.29 2.14 1.21 2.34 1.53 1.21 
1. 13 1.34 1. 34 2 . 11 1.37 1. 07 
Results were made in triplicate. 
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Table 8b. The average and the standard deviation of the 
binding ratio of SQMl antibody on EC/CUHK2 cells in media 
with different calcium ion concentrations 
TIME (hours) 
[Ca2+] 
2 3 4 12 24 48 
OmM 1.03 1.24 1.17 1.45 1.21 1.68 
O.SS 0.34 0.49 0.23 0.41 0.43 
0.3mM 1.31 1.92 4.92 5.16 5.04 4.71 
O.ST 0.65 0.92 0.98 0.65 0.38 
1.OmM 1.29 2.01 5.14 4.94 5.62 4.20 
••4 0.53 0.68 1.21 0.73 0.48 
1.8mM 1.36 1.84 1.42 2.41 1.93 1.27 
••27 0.45 0.26 0.34 0.84 0.23 
Figure 102 summarizes the binding ratios of SQMl 
antibody to the surface antigen on EC/CUHK2 cells cultured 
in media of four different calcium ion concentrations. Tv/o 
sets of results v/ere obtained. The first set contained two 
calcium ion levels that gave us higher binding ratio while 
the other set gave lower binding ratio. 
For 0.3 and 1.OmM calcium ion concentrations, the 
binding ratio rose rapidly in the first 5 hours and then 
levelled off. It reached the optimum in 2 4 hours. The ratio 
began to reduce in further culture. Besides, the difference 
in the binding ratio of the SQMl antibody in 0.3mM and 1.OmM 
calcium ion concentration culture was not significant. 
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The binding ratio detected in OmM cei c um ion 
concentration at different time intervals did not give ri cc-
to any changes. This showed that deprivation of calcium ion 
did not induce any alternations in the SQMl surface antigen 
expression of the cells in EC/CUHK2 cell line. 
The result from 1.8mM calcium ion concentration culture 
did not show any great difference from OmM calcium ion 
level. However, the binding ratio still rose to its optimum 
at about 10-12 hours whereas the ratio was 2 to 3 times 
smaller than that obtained from 0.3mM and 1•OmM calcium ion 
concentration culture. 
104 
6. Distribution of SQMl Antigens on EC/CUHK2 Cells with 
Changes of Extracellular Calcium Ion Concentrations 
6.1 Radioimmunoassay 
The results of the distribution of SQMl antigens on 
EC/CUHK2 cells with changes of extracellular calcium ion 
concentrations were summarized in Table 9. 
Table 9. Binding ratio of SQMl antibody to the 
surface antigens on EC/CUHK2 cells in media with 
changes of calcium ion concentrations 
TIME (hour) 
[Ca2+] 
1 5 12* 15 24 
OmM -> 1.21 1.52 1.54 3.36 4.39 
1. OmM CKSl 0. 24 0.31 0.41 0.22 
0.3mM -> 1.22 5.69 5.24 3.92 3.29 
1.OmM •• 0.91 0.78 0.62 0.54 
1.8mM -> 1.24 2.5(5 1.91 4 .96 5.76 
1.OmM 0.22 0.73 0.74 0.54 0.71 
• The EC/CUHK2 cells were changed from the original 
media with respective calcium ion concentration to 
the new medium with 1.OmM calcium ion concentration 
at hour 12. 
The result was made in triplicate. 
The binding ratio increased rapidly within 3 to 5 hours 
after the cells were subjected to 1.OmM calcium ion 
concentration from the original OmM calcium ion 
concentration. The curve levelled off from hour 20 onwards. 
The new binding ratio was 3-4 times greater than the 
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original one (fig. 103). 
The high binding ratio of SQMl antibody in 0.3mM calcium 
ion concentration dropped gradually when the cells were 
changed to 1.OmM calcium ion concentration. The most rapid 
decrease was made in 3 hours just after the change of the 
medium. It continued to decrease and reached the plateau at 
about hour 20 (fig. 104). 
At hour 5, the binding ratio of the antibody in 1. SmlA 
calcium ion concentration culture had its optimum value. It 
then decreased gradually until the calcium ion concentration 
was modified to 1.OmM. Within 5 hours, the ratio rose and 
levelled off. The new binding ratio was 2 to 3 times greater 
than the optimum value got from 1. 8inM calcium ion 




1. Characterization of the Esophageal Carcinoma Cell Line, 
EC/CUHK2 
One of the major aspects in the field of tissue culture 
is the establishment and maintainance of cell lines. The 
development is rapid and this allows long-term propagation 
of cells to provide abundant supplies of research materials 
for scientists. Alternations in the culture environments can 
be handled more easily in cell lines and this gives more 
information on growth conditions of cells. The success rates 
of establishing human tumor cell lines are variable and low 
(Giard ^ , 1973 Alexander • 1976) for a wide 
spectrum of malignancies. The difficulties come from the 
built—in potentials of the tumor tissue (Robinson ^ al., 
1980) . However, with the development of delicate tissue 
culture techniques and environments, for example: reduction 
in the chances of contamination (Standbridge and Doerson, 
1978) and upgrading of culture media with various kinds of 
supplements (Barns and Sato, 19 8 0; Tozer and Pirt, 1964), 
more cells are selected viable and quickly adapted to the in 
vitro conditions. 
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The frequoncios of tho occurrcncG of esophaqoai 
carcinomas are high in malignant diseases of. 
gastrointestinal tract, but the success rate of tumor ccil 
line establishment is very low. Only a few culture lines are 
documented (Nishihira . 19 7 9 ; Hu . 1984 ; Banks-
Schelgel 1986; Mok 1987). 
A well characterized cell line can be used to study the 
etiology, carcinogenesis, growth and differentiation 
regulations, immunological properties and drug sensitivities 
of the tumor cells. 
The cell line EC/CUHK2 has been grown in our laboratory 
over a year and over 90 serial passages have been obtained. 
The cultured esophageal carcinoma eelIs growing on plastic 
culture dish lie flat on the substratum surface 1 ike fetal 
bovine tracheal epithelial cells (Schumann . 1988) but 
unlike the cells from human neuroblastoma cell lines CHP-
100, CHP-126 and CHP-134 (Schlesinger . 1976). Light 
microscopic study shows frequent out-spreading surface 
microvillous processes. This indicates a relatively strong 
adhesive binding ability of the cells. When the cells grow 
on collagen gel, the surface microvillous processes are 
found to attach to the collagen fibrils. The number and 
arrangement of microvillous processes have been suggested to 
be related to the metastatic potential of the tumor cells 
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(Robinson et al. , 1983 Rcith et ^L . , 1980) . On the otiuji 
hand, a small number of swollen single cells growing on tho 
collagen surface is found to have few surface microvillous 
processes but some of them are readily penetrating into the 
matrix. Thus, the correlation between the number of 
microvillous processes with metastatic potential may not be 
true in the EC/CUHK2 cell line. 
The cell stratification described in prolonged culture 
of the tumor eelIs on collagen is a sign of differentiation. 
Many investigations have documented the effect of collagen 
molecules on the growth and differentiation of normal 
epithelia (Grinnell , 19 8 6 ; Schumann • 1988). 
Mammary epithelial cells achieve a more tissue-like 
configuration when cultured on collagen gel than simply 
maintained on plastic (Emerman , 1977) . Epidermal 
cells restored a more organized morphology with three 
distinct strata when cultured on the surface of fibroblast-
reorganized collagen matrix instead of pure fibroblast 
substratum (Grinnell • 1986). Prolonged culture of 
esophageal carcinoma cells on collagen gel is shown to 
induce terminal differentiation with appearance of flatten 
squamous cells on the uppermost layer similar to the skin 
surface. In contrast, the cells in the basal layers are more 
cuboidal in shape and they have higher proliferative 
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potential as revealed by the frequent mitotic f i cjurc:j. 'J'h i:: 
phenomenon has been reported in other cultured esophagoa1 
carcinoma cell lines (Danks-Schlegal ejt aJL. , 19 8 6) . Tlie 
increase in the number of tonofilaments is a d incro 
marker. It has been shown that these tonofilaments are 
composed of cytokeratins with molecular weight 6 5 to 67kd 
and these keratin types are typical for normal epidermal, 
conjunctival and vaginal keratinocytes as well as in athymic 
nude mice xenografts grown from various esophayeal carcinoma 
cell lines (Banks-Schlegal , 1986). 
It has been postulated that the collagen molecules act 
through the membrane receptors on the tumor cell surface. 
The activation of transmembrane 1 inker proteins generates 
secondary messengers to transmit the extracellular signal to 
the nuclear matrix. This results in an alternation of gene 
expression. Specific proteins are coded, as an example, 
cytokeratin proteins with molecular weight 6 5-67kd and 
involucrin molecules of 9 2kd. They are then transported, 
stabilized and transformed into tonofilaments and 
submembranous envelope respectively (Yuspa al., 1989)• 
Moreover, the collagen molecules may be transmitted 
through the plasma membrane to the cell interior. These 
molecules then stabilize the cytoskeletal structures. 





the nuclear matrix, the collagen molcculcs may also a f1oct 
the nuclear matrix and further alter specific CJOMG 
expression of the cell (Bissell . 1982). 
The culture setup is made more resemble to physiological 
condition by raising the collagen gel above the culture 
medium (air-medium interphase culture)• The cells are only 
nourished from the underneath surface and their upper 
surfaces are in direct contact with the air. It has been 
reported that oxygenation is important for growth and 
differentiation regulation of epidermal cells (Prunieras ^ 
, 1983). 
The penetration of the cell clusters and the attachment 
on the minipore filter paper after the retraction of the 
surrounding collagen matrix reflect the great nutrient 
demand of the tumor cells. The piling-up morphology within 
the individual cell cluster may indicate the presence of 
differential changes. Keratinocytes have been shown to 
contain differential properties when maintained in this 
culture system and this may be due to the orientation of 
cells, filtering action of collagen matrix (Prunieras 
al. , 1983) as well as flexibility of the collagen support 
(Shannon . 1981) . Thus, further investigation should 
be carried out to study the degree of differentiation of the 
esophageal carcinoma cells maintained in this culture system 
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with or without changes of the components of cup[ ort i nq 
matrix. 
The rate of contamination is not high in this air-modium 
interphase culture system. However, the eelIs have to be 
prevented to dry up by carefully checking the level of the 
culture medium frequently, since the medium only reaches the 
lower part of the cells. Also the addition of distilled 
water in the surrounding pool can provide additional 
moisture to the culture environment. 
The two in vitro culture systems (collagen culture and 
air-medium interphase culture) do not provide any great 
resemblance to the iri vivo condition. They only provide some 
basic biological information about those cells that are 
maintained in simple culture environment. The _in vivo system 
is more assessible and easier to manipulate. Hence, there is 
an increasing interest in the development of suitable in 
vitro models to mimic the in vivo system for the study of 
the behaviour of normal and tumor cells. Cells in tissue 
exists in association with a three—dimensional matrix. Thus, 
Grinnell ^ al. (1986) proposed the growth of epidermal 
cells on fibroblast-reorganised collagen gels. Fibronectin 
and fibrin can also provide a provisional matrix when 
incorporated into the collagen gels for efficient wound 










found that the type of culture and the culture conditions | 
j 
(e.g. substrate) determined the variation in the tissue- | 
I 
specific phenotypic expression (Holbrook • 1983). 
The ultrastructural study of the esophageal carcinoma 
cells shows the presence of desmosomes and hemidesmosomes. 
Quantitative difference in the number of desmosomes between 
tumor cells and their normal counterparts was investigated 
(Weinstein al. , 1967) . Usually, there was a reduction in 
the number of desmosomes in the carcinoma. However, some 
carcinomas of the urinary bladder showed an increase in the 
number of desmosomes (Weinstein et al. , 1967) . In general, 
the degree of differentiation correlates to the number of 
desmosomal structures in the cells. 
Hemidesmosomes or intracytoplasmic desmosomes were also 
found in other carcinomas of esophagus (Robinson ^ ' 
1981) and other normal epithelial cells (Allen mi., 
1975). They are the transient structures where the turnover 
rate of the cell membrane is high. It was, thus, suggested 
that the decrease in the number of desmosomes in the 
carcinoma might be due to removal of desmosomes from the 
cell surface which resulted in the formation of 
intracellular desomsomes (Schenk, 1980). 





particle is observed. However, human papillomavirus (ilPV) 
infection have been documented in esophageal carcinomas 
(Hill 1985 and 1986; Morris , 1986). Besides, 
positive dot-blot hybridization was found between the DHA 
extracted from the carcinoma cells of the EC/CUHK2 cell line 
and cloned HPV type 16 (Chew 1989) . Thus, the 
negative result in the ultrastructural studies cannot rule 
out the association between virus and tumor as the viral DMA 
may be inserted into the host genome as a provirus and 
therefore cannot be detected microscopically. 
Apart from the morphological study, the esophageal 
carcinoma cell line is also characterized by the serum 
dependency and saturation density, plating efficiency, 
chromosome number, ability in spheroid formation and the 
expression of keratin molecules. 
The serum dependency is to study the ability in 
autocrine secretion of modified growth factors and synthesis 
of modified growth factor receptors by the cells. Three 
serum levels have been used to testify this feature. In 
comparison with the fetal lung fibroblasts, the esophageal 
carcinoma cells show moderate serum dependency (5% serum 
level) and a higher saturation density (100x10^ cells / ml). 
Thus, the tumor cells have fair degree of autocrine autonomy 
in secretion of growth factors or synthesis of receptors. 
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The colony forming assay in the determination of p 1 ati iiq 
efficiency also reveals the ability of autonomous growth and 
proliferation. The results are quite variable in different 
seeding densities. The expression of cellular oncogenes or 
viral oncogenes of oncogenic retrovirus (Duesberg, 19 8 5; 
Klein ^ , 1984) causes the change of growth factors and 
the receptors to amplify the mitogenic properties (Sporn et 
al•, 1985). 
The chromosomal analysis shows that the esophageal 
carcinoma cell line is aneuploid. Other esophageal carcinoma 
cell lines also showed similar karyotypic patterns (Wuu e^ 
al. , 1986; M k 1907 Nishihira 1979). 
Variations are found in the distribution of chromosome 
number and the modal number. Moreover, it appears that there 
is no typical chromosomal patterns found in the cultured 
esophageal carcinoma cells. 
Furthermore, the anchorage independent growth of the 
tumor cells is indicated by the formation of multicellular 
spheroids. It reveals the ability of the tumor cells to 
synthesize proteins that can alter the cytoskeleton and the 
adhesiveness of the tumor cells. It also provides a system 
of intermediate complexity between standard two-dimensional 
culture system and tumor in vivo (Yuhas • 19 7 7). 
However, not all tumor cell lines can form spheroids (Wibcr 
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ot al, , 1984) . Furthermore, within the same tumor cc 
some cells can remain single while others form aggregates. 
It has been demonstrated that spheroids from another 
esophageal carcinoma eel 1 line, EC/CUHKl, contain necrotic 
centres in prolonged culture (Mok e^ , 1987) . Necrosis 
may developed when the diameter of the spheroid is just 
above a critical value and the degree of necrosis depends on 
the diffusion of oxygen and glucose in the spheroids 
(Casciari ^ , 1987 MaFadden ^ , 1980) . The width of 
the viable rim of cells is related to the growth conditions 
and metabolic concentrations of the medium. Nevertheless, 
the ability of the esophageal carcinoma cells in forming 
spheroids can suggest that the cell line can be used for the 
study of drug effects on tumor growth as the human tumor in 
vivo (Sasaki , 1984 Erlichman • 1985 Kwok 
al. , 1985 Nederman, 1984). 
The epithelial nature of the carcinoma cell line was 
demonstrated by the immunoperoxidase staining of the keratin 
molecules. The positive staining of AEl and AE3 keratin 
antibodies reveal the presence of 50 and 58kd keratin 
proteins, which are described in all stratified epithelial 
cells (Sun ^ , 1983 Nelson ^ , 1984) . On the other 
hand, the negative result of AE2 keratin antibody shows the 
absence of 56.5 and 65-67kd proteins which are documented to 
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be present in suprabasally located, terminably 
differentiated cell layers (Sun ^ , 1983) . Thus, the 
carcinoma cell line can be classified as poorly to 
moderately differentiated by the results of the keratin 
staining. 
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2. Distribution of SQMl Protein on the Cells of EC/CUHK2 
Cell Line 
Geographic variation in incidence is a characteristic 
feature of esophageal carcinoma. High incidence rate is 
found in the oriental regions, for example, several 
provinces in China. In Hong Kong, the incidence rate is 
moderate to high and is increasing in recent years. The 
etiology and the epidemiology of this disease have already 
been well-studied but the biology of this carcinoma is still 
poorly understood. 
Normal esophagus consists of non keratinized stratified 
squamous epithelium where various degrees of differentiation 
can be found within the epithelium. The patterns of squamous 
differentiation have already been characterized by some 
well-established markers. Cholesterol sulfate and the 
enzyme, cholesterol sulfotransferase (Rearick ^ , 1987 , 
1987 and 1986) and transglutaminase type and Rice 
al. , 1979 and 19 7 7 ; Simon eX , 1984) are the biochemical 
markers. The development of the detection techniques of 
oncogenic variations by DNA probes can contribute to another 
differentiation marker with high precision (Chew al., 
1989) • Moreover, the structural proteins include keratin 
(Cooper ^ • 1985; Schlegel ^ al., 1980; Nelson et al ., 
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19 8 4 Aucrspcrg ej: . , 19 8 9 ; Sun et a_i . , 1983), involucrin 
(Walts e± al. , 1985; Watt, 1983, Watt . , 1981; Said ot 
al., 1983) and cornified envelope (Rice , 1977, 1979; 
Simon • 19 8 4 ; Green, 1977) could also be used as 
markers. 
Furthermore, a glycoprotein SQMl was found to be highly 
reactive with the surface membrane of squamous cell 
carcinoma of head and neck cell lines and surgical biopsies. 
It was only minimally reactive with a series of cell lines 
derived from malignancies of other sites, normal fibroblasts 
and bone marrow cells (Wong ^ , 19 9 0; Tsao ^ , 1989 ; 
Boheim . 19 8 6 ; 1985 1985) . The presence of this 
surface protein within the spinous cell layers of the mouse 
embryonic skin suggested a close relationship of this 
protein with the induction of squamous differentiation (Tsao 
et al. , 1989) . Recent studies have also shown that SQMl 
protein is closely associated with the cell-cell adhesion 
and cell-extracellular matrix interaction and its role might 
be comparable to the integrin class of cell adhesion 
molecules (Wong ^ , 1990) . The involvement of SQMl 
proteins in the drug transport has already been described in 
methotrexate and cis-platinum resistance cell lines (Bernal 
et al. , 1984). 
Various types of heterogeneity (for example, cellular 
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and antigenic) have boon dcscr ibcd within tumor 11:::: u o:: 
(Hand • 1903 Bishop, 1987 Klein ^t al . , 198G). 
Cellular heterogeneity is derived from selection of mutant 
subclones, differentiation as well as different nutrient 
requirements. The regional expression of antigenic 
determinants and the ‘patchwork‘ effect (high expression in 
regions immediately adjacent to negative areas) constitute 
the antigenic phenotypic diversity of the tumor tissues. 
Thus, this creates problems in effective treatment of cancer 
especially the immunotherapy and chemotherapy. 
The iminunoperoxidase and the indirect immunofluorescence 
staining show the localization of SQMl glycoprotein on the 
membrane surface whereas the staining patterns within the 
cell population remain heterogeneous. These variations may 
be due to inadequate fixation or some artifactual influences 
arisen from fixation. There may be different levels of 
maturation or developmental stages within the cell 
populations. Also, the masking, loss or conformational 
changes of antigenic sites during processing and the 
difference in stages of cell cycle can be factors affecting 
antigenic heterogeneity (Heppner, 1984). The 
radioimmunoassay of the SQMl antibody staining found minor 
reduction in the binding ratio in cells of different 
passages. However, the difference is not significant. This 
12 0 
little variation re fleets the change of the dcqrcc oI 
differentiation during long-term culture of cells which is a 
common phenomenon in many other cell lines (Kiger, 1985; 
Hand . 19 8 3 ; Ames , 1989 ; Dam j anov al., 
1983). 
The use of immunogold labels in the EM study gives 
precise localization of the antigens. The antigen is found 
mainly on the external surface of the cell membrane 
especially on the sites of cell-cell interdigitations. The 
identification of SQMl glycoprotein on the meinbrane surface 
distinguishes it from other squamous differentiation markers 
reported earlier, including keratin, involucrin, 
transglutaminase and cholesterol sulfate, which are 
intracellular. 
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3. Distribution of the Surface Glycoprotein SQMl on 
Different Cell Lines and Cells 
The radioimmunoassay of SQMl antigen staining shov/s 
large binding ratio in cells of esophageal carcinoma cell 
line, EC/CUHK2, with poor to moderate differentiation. 
Another esophageal carcinoma cell line, EC/CUHKl, which is 
derived from a well—differentiated carcinoma, has only 
minimal SQMl protein expression. It has been reported that 
moderately differentiated esophageal carcinoma cells 
contained more SQMl glycoproteins on the cell surface 
(Boeheim ^ , 1985) . Mild SQMl expression is found in 
cells of two tongue carcinoma cell lines, CTl and CT2. Five 
tongue carcinoma cell lines and five more tumor biopsy 
specimens of tongue had been screened with SQMl antibody 
with positive results (Boeheim • 1985). Two neoplastic 
cervical cell line, CC2 and CC3/CUHK3, show rather few SQMl 
antigen expression which confirm earlier study on a squamous 
carcinoma cell line, CaSki (Boeheim ^ , 1985) . Almost no 
SQMl protein is found in the fetal lung fibroblast cell 
line, FLF, and in cell line, WI-38 (Boeheim e^ 1985). 
The indirect immunofluorescence staining reveals strong 
SQMl protein expression on the surface of the bronchial 
epithelial cells that are primarily outgrowth from the 
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surgical explants. This result further supports the f i n d i n q r j 
of Boeheim (1985) . The degree of differentiation in these 
primary cells needs further investigations. 
A strong significant difference in the SQMl protein 
localization is observed between nooaal and squamous 
metaplasia of nasopharyngeal epithelium in situ. No staining 
is found in the normal nasopharyngeal epithelium and the 
undifferentiated type of nasopharyngeal carcinoma. However, 
the primary outgrowth of normal human nasopharyngeal 
epithelial cells show strong SQMl protein expression. The 
difference may be arisen from the states of differentiation. 
Cultured cells tends to be has been dedifferentiated (Maigne 
et al., 1988). At a particular developmental stage under the 
process of either differentiation or dedifferentiation, 
specific parts of the genome may be activated or suppressed 
resulting in the synthesis of specific proteins. Thus, cells 
may then express those proteins or antigens that are related 
to that particular differentiation stage. SQMl is suggested 
to be belonged to this group of differentiation protein. 
Further evidence showing the relationship of SQMl 
protein with differentiation is obtained from the study on 
mouse embryonic tissues of different ages (days)• Only mouse 
embryos of day 16^ $ or above show SQMl protein localization 
in the spinous layer of the epidermis, root sheath and 
123 
dermal papillae of the hair follicles. This indicates tho 
transient expression of SQMl protein when the cells reach a 
certain developmental stage. What causes the cells to begin 
synthesizing specific protein is still unknown but several 
factors have been suggested, namely: cell-cell interaction, 
hormones and extracellular ions and so on. Thus, the on-and-
of f pattern of extracellular signals during tissue 
development determines the specific protein profile within 
the cells at a particular time period. 
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4. Discussion on Calcium-Induced Differentiation of EC/CUHK2 
Cell Line 
In the previous chapter, various types of heterogeneity 
found within tumor tissues, including antigenic as well as 
cellular (Hand 1983 Bishop, 1987 Klein . 
1986) have been discussed. Differentiation contributes as a 
major factor in both types of heterogeneity. In order to 
obtain a better understanding to the biology of this feature 
in cancer tissues, investigations should be carried out to 
probe into the causes and mechanisms of differentiation, the 
significant intracellular and intercellular changes of 
differentiation and the phenotypic antigenic variations and 
so on. 
Esophageal carcinoma cell line is chosen as the basic 
research material because of the sufficient supply of cell 
progenies whereas the surgical biopsied materials has to 
depend on the supply from surgical centres. Moreover, 
differentiation can be monitored more easily in the culture 
processes of tumor cell line. 
In view of the differentiation monitoring agents of the 
epithelial cells, calcium ions attain a better position than 
other inducers. It has a huge literature background (Watt 
1984 Mooseker ^ , 1986, Moolenaar, 1986 ; Hennings 
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Ot L., 190 0; Tombs and Borisy, 1989 Yuspa ot a 1 . , 
Carafoli, 1986) and the calcium ion concentration can bo 
altered directly within the culture medium. In the calcium-
depleted condition, the calcium ion can be directly removed 
by means of the chelating resin. Also, the effects can be 
distinctly observed and the time needed for the onset of 
significant changes is short (Watt • 1984). 
Serum is another kind of differentiation-inducing agent. 
The use of serum involves a complicated interpretation as it 
is an undefined mixture of substances including hormones, 
enzymes, growth factors, ions, and other non-specific 
nutritional factors and specific regulatory factors and so 
on (Guilbert and Iscore, 1976; Tozer and Pirt, 1964; 
Lenchner , 1984; Price and Gregory, 1982). Usually 
serum-free defined culture medium is used in the study of 
the cellular or tissue changes by means of alternation of 
various components of the culture condition. This allows 
several advantages including simple design and easy 
interpretation and control of experiments. There will be no 
antagonizing action of mimicry from the serum components for 
those agents that are being studied (Barns and Sato, 1980). 
Also, examination of secretory products can be carried out 








In the present study, the culture medium is corum-
depleted and is defined by the addition of various | 
j 
components• Insulin is important for the maintainance of all 
I 
cell lines. It plays a role in fatty — acid and glycogen 
synthesis (Barnes and Sato, 19 8 0; Wyse and Chang, 1982; 
Lechner . 1982) . It was also reported that insulin 
could act as a somatomedin analog to stimulate myoblast 
growth (Florini and Ewton, 1981). Transferrin is added as an 
iron-binding protein and detoxification of excessive metal 
ions (Barnes and Sato, 1980; Lechner ^ , 1982) . The 
presence of epidermal growth factor helps to induce the 
proliferative activity of the epithelial cells (Serunian and 
Cantley, 19 8 6 ; Cohen, 1965) . DNA synthesis was strongly 
stimulated in mammary epithelial cells (Nakagawa al., 
1985)• Moreover, hydrocortisone is added to a concentration 
to induce alkaline phosphatase activity (Barnes and Sato, 
1980). 
On the other hand, the autocrine secretion of various 
factors from cells during culture increase the variation in 
medium components in spite of the original defined 
condition. Thus, some work should be done to study the 
changes in the culture condition induced by the cells 
themselves. 
Apart from the differentiation—inducing effect of the 
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serum, the mul t icol lular spheroid formation and the cjrov/tli | 
on collagen matrix also change the differential capacity oi | 
I 
the cells. However, the ability of the cell line EC/CUHK2 in 
forming spheroid is not high. Moreover, the interaction 
between the cells and the collagen molecules is complicated 
which makes the interpretation difficult. On the other hand, 
only satisfactory result is obtained from air-medium 
interphase culture in differentiation induction. Using of 
drugs, for example, PMA (7, 12-diniethylbenz (a) anthracene) 
(Kawamura ^ , 1985) and TPA (12-o-tetradecanolyphorbol- : 
13-acetate) (Yuspa 1982 Wirth • 1987), and 
phorbol esters (Cohen and Foley, 1986 ; Jaken and Yuspa, 
1988) , in addition, have been reported to induce ‘ 
differentiation in other squamous epithelial cells but the 
detailed mechanisms are still under investigation. Thus, 
calcium ion is chosen as an agent to induce squamous 
differentiation of the esophageal carcinoma cells of 
EC/CUHK2 cell line. 
In low extracellular calcium ion concentration, the 
esophageal carcinoma cells show rather simple cellular 
morphology. Major cytoplasmic organelles are found to be 
present but the amounts of them, as revealed through 
electron microscopy, are relatively smaller than those cells 







reticulum, mitochondria as well as glycogen yranuiec are i 
seen with lower frequencies. Tonofilaments redistribute from | 
i 
the peripheral cytoplasm and contact regions to perinuclear 
position as found in other tumorigenic eel 1 lines of the 
cervix (Swierenga ^ , 1983). The composition of these 
cytoplasmic organelles increases in complexity and 
frequencies with increasing extracellular calcium ion 
concentration. This indicates the relationship between 
cellular metabolism and external calcium ions. It has been 
reported the positive control of cell proliferation of 
thymic lymphoblasts, hepatocytes and epithelial cells by the 
interplay of calcium ion and cyclic nucleotides (Whitfield 
et al. , 1976) . Through the surface receptors for calcium ( 
ions, membrane-bound or cytoplasmic phosphodiesterases (Lin 
and Cheung, 1980) or protein kinases (Nishizuka, 1984 Adamo 
et al. , 1986; Kikkawa 1986) are activated and 
exhibit specif icities for cyclic 3 ' ,5' -nucleotides with the 
catalysing agent of Mg2+ or Mn2+. The synthesis and the 
variation in distribution of the secondary messengers then 
elicit further cellular responses by interacting with other 
enzymes or nuclear matrix. Specific gene sequences are 
activated, expressed as well as amplified. Besides, 
potassium ion was suggested to play a role in the calcium-
induced terminal differentiation of skin epidermal cells 
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(Honnings o_t ill., 198 3) but the detailed mechanisms botv/oen i 
I 
calcium and potassium action remain to be elucidated. I 
i 
The esophageal carcinoma cells also become round-up 
with short microvillous processes and with miminal contact 
between adjacent cells when they are maintained in low 
extracellular calcium ion concentrations. Some cells even 
lose their adhesiveness to the surrounding and this feature 
was also found in rat urinary bladder epithelium (Reese and 
Friedman, 1978). In contrast, they spread out on the culture , 
substratum in moderate to high calcium ion levels and large 
colonies are formed. Moreover, desmosomal formation is 
greatly enhanced in the increasing calcium ion levels. ‘ 
t 
Similar result was also described by Watt al. (1984) in . 
epidermal cells. Widen intercellular spaces with the absence 
of desmosomes and abundant microvillous processes were found 
in mouse epidermal cells when cultured under low calcium ion 
concentrations (Hennings ^ al., 1980)• 
Besides, normal patterns of cytokeratins are observed 
with increasing intensity in high calcium ion 
concentrations. Under TEM, the increasing amount of 
tonofilaments with the increase in calcium ion levels 
provides another view to determine the degree of 
differentiation of the cells. The keratin molecules with the 








presence of specific proteases produce macrofibrils and j 
tonof ilament bundles (Yuspa . , 1989) . 
In addition, involucrin molecules have been detected 
perinuclearly in low calcium ion concentration and diffused 
in the cytoplasm in higher ion levels. This novel marker in 
squamous and urothelial differentiation (Watts and Said, 
1985 Watt, 1983 Said . 1983) cross-links with other 
soluble proteins forming submembraneous cornif ied envelope 
which is another marker for terminally differentiated 
squamous cells (Rice and Green, 1977 and 19 7 9; Simon and 
Green, 1984) . In stratified squamous epithelium, the 
relationship between cell position and involucrin ‘ 
distribution has been reported. More differentiated squamous ‘ 
cells contain highly diffused involucrin molecules and they 
finally situate in the submembraneous region (Watt and 
Green, 1982). 
To conclude, raising the extracellular calcium ion 
concentration, the esophageal carcinoma cells become more 
differentiated as indicated by the morphological and the 







5. Discussion on SQMl Localization on Calcium-Induced 1 
Differentiated EC/CUHK2 Cells. j 
SQMl antigen is found in close association with eel1-
cell interdigitations particularly the microvilli of cell 
membrane. The intensity of SQMl antigen increases and 
becomes optimum when the cells are cultured in moderate to 
high calcium ion concentrations for the first 5 to 10 hours 
and remained constant for several hours and declines 
gradually thereafter. 
This observation together with the previous description 
of the protein on mouse embryonic skin and on various 
biopsied materials of different degrees of differentiation 
suggest the relationship between SQMl protein and the stage 
of committment to squamous differentiation. The expressions 
I 
of other differentiation features (for example, synthesis of 
involucrin and cytokeratin molecules, changes in cellular 
organelles and so on) show simultaneous occurrence with SQMl 
protein at the onset stage. This may relate to the 
expression of several specific differentiation gene 
sequences coding for SQMl protein, other differentiation 
markers or proteins that act as inducers or repressors to 
regulate different gene expression. These complicated 





specific distribution of various differentiation leaturoc. | 
In poorly differentiated esophageal carcinoma cells, | 
SQMl protein can hardly be detected which may probably due 
to the repression on SQMl gene expression. Similar result is 
also obtained in well-differentiated cells. The distribution 
of SQMl protein in the first several hours is quickly 
replaced by the reduction in expression in prolonged culture 
in high calcium ion concentration. This may relate to the 
occurrence of repressor to regulate the SQMl genome 
expression. This reduction in synthesis may also co-operate 
with the autodigestion of SQMl protein that are already 
present on the cell membrane. Endogeneous thiol proteinase 
has been reported in the autodegradation of a tyrosine— 
containing epidermal cell surface protein (E-CSP) (Hashimoto 
et al. , 1982) . Moreover, the antigenic site of the SQMl 
protein may be modified in molecular level. The carbohydrate 
groups of the molecules are mostly susceptible to 
alternations. Regional variations have been demonstrated in 
cell surface carbohydrates in tissue differentiation in 
human oral stratified epithelium (Vedtofte , 1984). 
Addition of fucosyl residues to the cell surface 
i 
glycoproteins was also found during epidermal 
differentiation (Zieske and Bernstein, 1982). Moreover, 
lectins have been used as markers to reveal various 
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express ions of cell surface carbohydrates in d i I crent | 
layers of epidermis (Reano ejt al. , 19 8 2 ; Holt ^ , 1979; | 
Brabec e^ , 1980) . Besides, differentiation-related | 
functional properties may lead to histological diversity | 
among the cells (Auersperg . 1989). The selection and 
propagation of the cell subpopulations under particular 
culture environment may result in the difference in SQMl 
expression in different degrees of differentiation. 
On the other hand, SQMl antigen has been documented to 
be important in cell-cell as well as cell-extracellular 
matrix interactions (Wong ^ al., 1990)• Its role is similar 
to the integrin class of cell-adhesion molecules. The degree 
of cell-cell contact is greatly enhanced under high calcium 
ion concentrations, which is revealed by the high colony 
forming ability. However, SQMl protein is found in reduced 
amount in high calcium ion levels even the colonies are 
distinctly formed. The weighing of these two factors 
deterinines the differential changes of the antigen. In the 
condition of intercellular contact, signals from the 
i 
adjacent cells may affect the gene expression resulting in 
synthesis of SQMl protein and other proteins (for example, 
laminin and fibronectin) (Wong ^ , 1990) . In contrast, 
the signals of high calcium ion concentration replace the 





results in minor detection of SQMl proteins. The mechaniGm I 
of the counteraction of these two factors remains unknown I 
and further investigations are needed. 
The radioimmunoassay demonstrates the saturation density 
of SQMl surface protein expression. In the early stages of 
induction, the synthesis of intracellular signals may be 
proportional to the extracellular calcium ion concentration. 
Analysis of membranes from a variety of tissues has revealed 
the presence of calcium-dependent regulator (CDR) (Schulman , 
and Green, 1978). The activation of cyclic nucleotide 
phosphodiesterase by CDR is dose-dependent on calcium ion 
signals. Jaken and Yuspa (1988) also showed the induction of • 
keratinocyte differentiation by extracellular calcium ion. 
The metabolism of inositol-containing phospholipids via the 
activation of cellular phospholipase C is related to the 
dose of calcium ion. 
To conclude, SQMl glycoprotein is expressed when the 
cells are entering the pathway of squamous differentiation. 
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CHAPTER VI I 
CONCLUSION I 
— 
A new continuous cell line from a human malignant tumor | 
of the esophagus has been established in our laboratory. Its | 
squamous and epithelial features are characterized by the 
occurrence of desmosomes and tonof ilaments. The air-liquid 
interphase culture shows the importance of oxygenation to 
the invasiveness of the esophageal carcinoma cells. 
Moreover, the cells are demonstrated to have moderate degree 
of autocrine secretion of modified growth factors (moderate 
serum-dependency and plating efficiency). The chromosomal 
analysis, in addition, shows the aneuploidy of the cells. 
The absence of keratin proteins with higher molecular weight 
agrees with the early diagnosis of the tumor that it is 
poorly to moderately differentiated. 
The squamous differentiation of the carcinoma cells is 
altered by the extracellular calcium ion concentrations. 
This can be seen through the complication of the cellular 
morphologies and biochemical (involucrin and cytokeratin) 
behaviours of the cells by raising the external calcium ion 
level. 
The new surface glycoprotein, SQMl, is shown in close 




the esophageal carcinoma col Is. This meinbrane marker, on the | 
other hand, is suggested to be differentiation-specific. Its | 
detection in the spinous layers of the mouse embryonic skin 
and the calcium-induced poorly to moderately differentiated 
carcinoma cells support the suggestion. 
Furthermore, the change of SQMl protein expression 
during different degrees of differentiation suggests that 
this surface protein is only expressed in the early stage of 
squamous differentiation of the cells. , 
Further study on the isolation and structure of the SQMl ‘ 
protein may provide us insights into the process of i 
differentiation. This may allow us to define and identify , 
factors that control or regulate differentiation in normal 
and cancer cells. We may also look into the drug 
sensitivities of the cancer cells in order to improve the 
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Fig. 4: Phase-contrast micrograph showing the subconfluent layer 
of EC/CUHK2 cells 2 days after seeding. Cells grow as 
'1 I clusters with some remaine single. Bar = 50jim. 
i l i 
I I ' 
1 . 
I 
Fig. 5: Phase-contrast micrograph showing EC/CUHK2 cells 6 
days after seeding. Cells colonies are in a mosaic-like 
pattern. Pleomorphism of cells was shown. Bar = 50|im. 
I 

Fig. 6: Phase-contrast micrograph of EC/CUHK2 cells at day 6 
culture. Note the presence of giant cells (g). Bar = 50|am. 
[ 
I 
j Fig. 7: LM of EC/CUHK2 cells at day 3 culture with Mayer's 
haematoxyline stain to demonstrate the polygonal cells. 
Some cells show the presence of more than one nucleolus. 
I I 
Bar = 25|im. 
I 

Fig, 8: TEM showing the intercellular space between 2 
EC/CUPK2 cells. Long, slender microvilli (mv) are found 
I ) 
1 ‘ 
I interdigitating. Bar = Ijim. 




Fig. 9: TEM showing the presence of desmosomes (d) at areas of 
contact between 2 EC/CUHK2 cells. Cytoplasmic 
tonofilaments (t) are attached to these structure. Bar 
0.5|im. 
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Fig. 10: TEM showing the marginal condensation of 
heterochromatin (h) inside the nucleus of EC/CUHK2 
cells. Bar = 0.5|im. 
I 
Fig. 11: SEM showing the EC/CUHK2 cells with rich surface 




Fig. 12: SEM showing the flattened EC/CUHK2 cells with 
projection of surface microvilli onto the substratum. Bar 
=10|im. 
Fig. 13: SEM showing some of the EC/CUHK2 cells bearing 








Fig. 14: SEM showing complex intercellular processes between 
EC/CUHK2 cells. Bar = lOjim. 
Fig. 15: SEM showing flattened EC/CUHK2 cells with much less 
surface projections. Bar = lOjim. 

Fig. 16: TEM showing the stratification of EC/CUHK2 cells of 
passage 20 when cultured on collagen gel (c) at day 7. 
One of the basal cell is in mitosis. Bar = 5jim. 
Fig. 17: TEM showing the intercellular space (i) between the 
polygonal basal cells after 7-day culture on collagen gel. 
Bar = Ijam. 

Fig. 18: TEM showing the presence of desmosomes (d) at cell-cell 
adhesion sites, h: hemidesmosomes, c: collagen fibres. Bar 
=l]xm. 
I 
Fig. 19: SEM showing the penetration of EC/CUHK2 cells into the 
lower layers of the substratum and the retraction of the 
peripheral collagen fibres (c). Bar = lOjim. 
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Fig. 20: SEM showing the anchorage of EC/CUHK2 cells on the 
fibres of minipore filter (f). Bar = lOjim. 
Fig, 21: SEM of higher magnification showing piling up of cells 
within the hole made by the retraction of collagen fibres 




Fig. 22: Diagram showing the growth kinetics of the passage 70 
EC/CUHK2 cells grown in DMEM supplemented with 
10% fetal calf serum (FCS), The cells have a population 




























































































































Fig. 23: Diagram showing the growth kinetics of EC/CUHK2 cells 


































































































Fig. 24: Diagram showing the growth kinetics of EC/CUHK2 cells 
and fibroblasts in DMEM supplemented with 0.5% fetal 






































































































Fig. 25: Diagraqi comparing the growth kinetics of EC/CUHK2 
cells in DMEM supplemented with 0.5%, 5% or 10% fetal 
calf serum (FCS) respectively. 
i 

Fig, 26: Phase-contrast micrograph of EC/CUHK2 cell aggregates 
after 2 days culture. Bar = 25|im. 
I 
Fig. 27: Phase-contrast micrograph of EC/CUHK2 spheriods, A: at 




Fig. 28: TEM showing the peripheral cells of EC/CUHK2 spheroid 
at day 14. Nuclei (n) were oval in shape and the 
cytoplasm contains an increased amount of mitochondria 
(m). Bar = Ijim. 
Fig. 29: TEM showing the interdigitations of microvilli (mv) 
between 2 adjacent cells at the periphery of EC/CUHK2 






Fig. 30: TEM showing the presence of desmosomes (d) between 2 
cells in the centre of EC/CUHK2 spheroid at day 14 
culture. Tonofilaments (t) are found. Bar = l|im. 
Fig. 31: TEM showing the compact cells with narrow intercellular 
spaces in the centre of EC/CUHK2 spheroid at day 14. 
Bar = l|im. 
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Fig. 32: Horizontal histogram showing the distribution of 
chromosome number of EC/CUHK2 cells at passage 72. 
n = 100. 
No. of chromosomes per cells 
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Fig. 33: PAP staining to show the keratin production by 
EC/CUfiK2 cells at passage 70 by A: AEl monoclonal 
antibody; B: AE3 monoclonal antibody. Bars = 25jim. 
Fig. 34: PAP staining to show the negative result of AE2 
monoclonal antibody to detect the keratin production by 
EC/CUHK2 cells at passage 70. Bar = 25|.im. 
^ I 

Fig. 35: PAP staining to show SQMl localization on the surface of 
EC/CU{iK2 cells. Not all cells show equal staining 
intensity. Bar 25}lm. 
Fig. 36: PAP staining to show SQMl localization at the cell 
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Fig. 37: a: Indirect IMF staining to show SQMl localization at the 
edges of cell contact. The staining on the upper surface is 
rather weak; b: higher magnification to show the staining 
on the microvillous surface. Bars = 25|im. 
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Fig. 38: Immunogold labelling of SQMl antigen (arrows) in 
EC/CUHK2 cells of passage 58 in culture. Note the 
binding of gold-labelled antibody at the microvilli and 
surface projections of the cell membrane. The binding is 
mainly at the external membrane surface of the cell. Bar 
=l\im. 
Fig. 39: Immunogold labelling of SQMl antigen (arrow) on the 
microvillous surface of EC/CUHK2 cells at passage 72. 





Fig. 40: Immunogold labelling of SQMl antigen at the microvilli within the 
intercellular space. Note the negative binding of gold-labelled antibody 
I 
I on destnosomes (d). Bar = 0.25|iin. 
I 
Fig. 41: Labelling of the SQMl antigen on the cell surface of 
EC/Cll(lK2 cells at passage 58 by immunogold staining 
with silver enhancement. A: Note the intensive binding 
along the microvillous surface; B: the binding of SQMl 
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Fig. 42: Indirect IMF staining of SQMl antigen on the membrane 
1 
|i surface of bronchial epithelial cells in culture. Note that 
I 
not all cells show similar staining results. Bar = 25jim. 
f 
Fig. 43: Indirect IMF staining of SQMl antigen on the membrane 
surface of bronchial epithelial cells in culture. Particular 
attention is paid to cell boundary that attached to the 
substratum. Bar = 25|im. 

Fig. 44: PAP staining of SQMl antigen on nasopharyngeal 
epithelial cells in culture. Note the binding of SQMl 










Fig. 45: PAP staining of SQMl antigen on nasopharyngeal 
epitheli^ cells in culture. Note the weaker binding 
intensity of SQMl antibody to the cells with smooth 
surfaces. The adjacent cells with more microvillous 




i Fig. 46: PAP staining of SQMl antigen on nasopharyngeal 




Fig. 47: PAP staining of SQMl antigen on nasopharyngeal 
epithelium. Note the positive reactivity in the suprabasal 




Fig. 48: A: PAP staining of SQMl antigen on undifferentiated type 
I 
of neoplastic nasopharyngeal epithelium. Note the negative 




















































































Fig. 49: PAP staining of SQMl antigen on epidermal cells of 
mouse embryo of day 11 Vz. A: Staining is found in the 
suprabasal layers (stratum spinosum and granulosum) of 
I stratified squamous epithelium of skin at the back. Section 
i 
was counterstained by fast green. B: Normal H&E 
staining. Bars 25|im. 
Fig. 50: PAP staining of SQMl antigen on epidermal cells of 
mouse embryo of day 17^ 2. Staining is detected along the 
root sheath (r) and dermal papilla (d) of the hair follicle. 




Fig. 51: Phase-contrast micrograph showing rounding-up 
EC/CUHK2 cells cultured in OmM calcium ion 
concentration for 10 hours. Bar 50flm. 
I 
Fig. 52: Phase-contrast micrograph to show EC/CUHK2 cell 
colony with lots of round-up cells when cultured in OmM 
calcium ion concentration for 3 days. Bar = 50jam. 

Fig. 53: TEM of EC/CUHK2 cells after 5 hours culture in calcium-
depleted condition. Note that the cell surface is rather 
smooth. Bar = l|im. 
Fig. 54: TEM of EC/CUHK2 cells after 5-hour culture in OmM 
calcium ion concentration. The number of mitochondria is 
small and the cristae are not closely packed. 
Tonofilaments (t) are found scatterring in the perinuclear 
position. Bar = l|im. 

Fig. 55: TEM of EC/CUHK2 cells cultured for 10 hours in OmM 
calcium ion concentration. Intercellular desmosomes (d) 
are not frequently found at sites of cell-cell contact. Note 
the perinuclear position of diffused patches of 
tonofilaments (t). Bar = l|im. 

Fig. 56: Phase-contrast micrograph to show the sub-confluent stage 
of EC/CUHK2 cells after cultured in O.SmM calcium ion 
concentration for 10 hours. Bar = 50]im. 
Fig. 57: Higher magnification of phase-contrast micrograph to 
show the confluent stage of EC/CUHK2 cells after 
cultured in O.SmM calcium ion concentration for 3 days. 







Fig. 58: TEM showing the membrane surface of EC/CUHK2 cells 
after cultured in 0.3mM calcium ion concentration for 10 
hours. The microvilli (mv) are long and slender. 
Desmosomes (d) are easily seen. Bar = Ijim. 
Fig. 59: TEM showing complex cytoplasmic organization of 
EC/CUHK2 cell after cultured in 0.3mM calcium ion 
concentration for 24 hours. Increasing amount of 
mitochondria (m), rough (r) and smooth endoplasmic 
reticulum (s) and glycogen granules (g) are found. Note 














Fig. 60: TEM showing A: the distribution of lysosomes (1); B: the 
I 
fl distribution of tonofilaments (t) in EC/CUHK2 cell after 
I 
I 





Fig. 61: TEM showing the desmosomes (d) between 2 adjacent 
EC/CUJ1K2 cells after cultured in 0.3niM calcium ion 
concentration for 10 hours. Bar Ijiin. 
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Fig. 62: Phase-contrast micrograph to show the subconfluent stage 
of EC/CUHK2 cells after cultured in l.OmM calcium ion 
concentration for 10 hours. Giant cell (g) is observed. Bar 
=50|im. 
Fig. 63: A: Phase-contrast micrograph to show the confluent stage 
of EC/CUHK2 cells after cultured in l.OmM calcium ion 
concentration for 3 days. Note the mosaic pattern of the 












































Fig. 64 TEM demonstrating the small nucleus to cytoplasmic ratio 
of EC/CUHK2 cells cultured in l.OmM calcium ion 
concentration for 24 hours, m: mitochondria, 1: lysosomes. 
Bar = l|im. 
Fig. 65: TEM showing the long and slender surface microvilli (mv) 
of EC/CUHK2 cells cultured in l.OmM calcium ion 
concentration for 24 hours. Bar = 0.5jim. 
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Fig. 66: TEM showing the distinct junctional complex between 2 
adjacent EC/CUHK2 cells cultured in l.OmM calcium ion 
concentration for 24 hours, d: desmosome, t: tight 
junction. Bar 0.5|im. 
Fig. 67: TEM showing the cytoplasm of EC/CUHK2 cells cultured 
in l.OmM calcium ion concentration for 24 hours, t: 
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I 





... « “ ‘ 
• ‘ 
. • . . . 
’ • • ‘ . .. 
.....- ' . • . . ‘ - f r 
.. ‘ • -
.. I . 
. . . . - ‘ . •’ - ‘ V. • “ V 
, ‘ ’ • . . V ' \ , , ‘ . • 
. •• … - • . • V • , . . " • . “ - . , ‘ 
, . . . « “ "^-X ‘ A “ 
• • t -. . ‘ • , . - . . • 
Q 
. - • - - . . • 
- . • 
67 ‘ ) :::.. .‘: : ' . 
- _ . _ . . 
Fig. 68: Phase-contrast micrograph to show the subconfluent stage 
of EC/CUfIK2 cells cultured in 1.8mM calcium ion 
concentration for 2 days. Bar = 50jam. 
Fig. 69: A: Phase-contrast micrograph to show the confluent stage 
of EC/CUHK2 cells cultured in 1.8mM calcium ion 
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Fig. 70: TEM showing round EC/CUHK2 cell cultured in 1.8m 
calcium ion concentration for 15 hours. Note that the 
peripheral cytoplasmic belt is fully occupied by various 
organelles, m: mitochondria, r: rough ER. Bar = l|im. 
Fig. 71: TEM showing the perinuclear distribution of tonofilaments 
(t) of EC/CUHK2 cells cultured in 1.8mM calcium ion 
















































































Fig. 72: TEM showing the distribution of tonofilaments (t) in the 
cytoplasmic region of EC/CUHK2 cells when cultured in 
1.8mM calcium ion concentration for 10 hours. Bar 
0.5jam. 
Fig. 73: TEM showing the anchorage of tonofilaments (t) onto the 
desmosomal plaque in the EC/CUHK2 cells after cultured 
in 1.8mM calcium ion concentration for 24 hours. Bar = 
0.5|im, 
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Fig. 74: TEM demonstrating the presence of dense bodies (d) in 
the cytoplasm of EC/CUHK2 cells cultured in 1.8mM 
calcium ion concentration for 30 hours. Bar = Ijim. 
Fig. 75: TEM demonstrating the nuclear and cytoplasmic digestion 
of EC/CUHK2 cells after cultured for 72 hours in 1.8mM 
calcium ion concentration. Note the intact nuclear 
membrane (nm). Bar = Ijim. 

Fig. 76: PAP stoning to reveal the little cytokeratin production by 
EC/CUHK2 cells cultured in OmM calcium ion 
concentration for 5 hours. Bar = 25|im. 
Fig. 77: A: PAP staining to demonstrate the cytokeratin production 
by EC/CUHK2 ceils cultured in 0.3mM calcium ion 
concentration for 5 hours. B: Higher magnification. Bars 
=25)im. 

Fig. 78: A: PAP staining the cytokeratin molecules of EC/CUHK2 
cells cultured in l.SniM calcium ion concentration for 5 





Fig. 79: A: ABC staining to show the high level of involucrin 
molecules present in individual EC/CUHK2 cells after 
culture4 in 1.8mM calcium ion concentration for 4 hours. 
B: EC/CUHK2 cell colony after 10 hour of culture. Bars 
25|im. 
Fig. 80: A: ABC staining to show the weak production of 
involucrin molecules by EC/CUHK2 cells after cultured in 
0.3mM calcium ion concentration for 4 hours. B: Higher 
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Fig. 81: Diagrarp showing relationship between the values of 
atomic absorbance and the calcium ion concentrations 
(ppm) in standard solution with 0.005M (NH4)4EDTA and 





















































































































Fig. 82: Diagram showing the levels of intracellular calcium ions 
in EC/CUHK2 cells cultured in media with different 



































































































































Fig. 83: PAP staining of SQMl antigen on EC/CUHK2 cells 
culturec} in OmM calcium ion concentration, A: 2 hour; B: 
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Fig. 84: Indirect IMF staining of SQMl antigen on EC/CUHK2 
cells cultured in calcium depleted condition for 10 hours. 
Bar = 25|im. 
—i 

Fig. 85: TEM to show the SQMl antigen (arrow) on EC/CUHK2 
cells cultured in OmM calcium ion concentration at 12 
hours. Bar = Ijim. 
Fig. 86: TEM to show the localization of SQMl antigen (arrow) 
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Fig. 87: PAP staining to show SQMl antigen distribution on 
EC/CUHK2 cells when cultured in 0.3mM calcium ion 
concentration, A: 2 hours; B: 5 hours; C: 12 hours and D: 
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Fig. 88: Indirect IMF staining to show SQMl antigen distribution 
on EC/CUHK2 cells when cultured in 0.3mM calcium ion 
concentration, a: 5 hours; b: 12 hours. Bars = 12.5jim. 
Fig. 89; Indirect IMF staining to show SQMl antigen distribution 
on EC/CUHK2 cells after 10 hour culture in 0.3mM 
calcium ion concentration, a: on cell surface; b: along 
edges of cell-cell interaction. Bars = 12.5|am. 
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Fig. 90: Immunogold staining of SQMl antigen (arrow) on 
EC/CUHK2 cells cultured in O.SmM calcium ion 
concentration for 2 hours. Bar = Ijim. 
Fig. 91: Immunogold staining of SQMl antigen (arrow) on 
EC/CUHK2 cells cultured in 0.3mM calcium ion 
concentration for 5 hours, A: along cell surface; B: within 
the cytoplasmic vacuoles. Bars = 0.5|im. 

Fig. 92: Immunogold staining of SQMl antigen (arrow) on 
EC/CUHK2 cells cultured in 0.3mM calcium ion 















































































































































































































































































































































Fig.93: A to D: PAP staining to show SQMl antigen 
distribution on EC/CUHK2 cells when cultured in . 
1.OmM calcium ion concentration, A: 2 hours B: 
5 hours C: 10 hours D: 10 hours (higher 
magnification) • Bars == 25/iin. 
L 

Fig.93: E to G: PAP staining to show SQMl antigen 
distribution on EC/CUHK2 cells when cultured in 
1.OmM calcium ion concentration, E: 24 hours F: 
48 hours G: control (24 hours). Bars = 25 
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Fig. 94: Indirect IMF staining to show SQMl antigen distribution 
on EC/CUHK2 cells when cultured in l.OmM calcium ion 
concentration, a: 2 hours; b: 5 hours; c: 10 hours; d: 24 
hours. Bars = 25)j,m. 
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Fig. 95: A: Immunogold staining of SQMl antigen (arrow) on 
EC/CU^K2 cells cultured in l.OmM calcium ion 
concentration for 10 hours. Note the association of gold-
labelled SQMl antibody with microvillous surface. Bar = 
l|am. B and C: Higher magnification. Bars = 0.5jim. 
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Fig.96: A to B: Immunogold staining of SQMl antigen 
(arrows) on EC/CUHK2 cells cultured in 1. OmM 
calcium ion concentration for 20 hours. Bars 
0. 5/iin. 
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Fig.96: C to D: TEM photograph of a lower magnification 
to show the SQMl protein localization (arrows) 
on EC/CUHK2 cells cultured in 1.OmM calcium ion 
concentration for 20 hours. Bars = l.OjLm. E: TEM 
photograph showing the control that no non-
specificities is found on the microvillous 
surface of the EC/CUHK2 cells that cultured in 
1. OmM calcium ion concentration for 20 hours. 
Bar = 1/m. 
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Fig. 97: Imniunogold staining of SQMl antigen (arrow) on 
EC/CUHK2 cells cultured in l.OmM calcium ion 
concentration for 10 hours. Note the localization of gold 
particules on the membrane surface at the base of 
microvilli. Bar 0.5jim. 
I 
Fig. 98: Immunogold staining of SQMl antigen (arrow) on 
EC/CUHK2 cells cultured in l.OmM calcium ion 
concentration for 10 hours. Note the negative staining of 
SQMl antigen at the desmosomal region (d). Bar = 
0.5jim. 

Fig. 99: PAP staining to show SQMl antigen distribution on 
I 
EC/CUHK2 cells when cultured in 1.8mM calcium ion 
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Fig. 100: Indirect IMF staining to show SQMl antigen distribution 
on EC/CUHK2 cells when cultured in l.SmM calcium ion 











Fig. 101: A to D: Immunogold staining of SQMl antigen (arrow) on 
EC/CUHK2 cells cultured in 1.8mM calcium ion 
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Fig. 102: Diagram showing the radioimmunoassay of the change in 
binding ratios of SQMl antibody to the surface antigens 
on EC/CUHK2 cells in media with different calcium ion 





























































































































Fig. 103: Diagram showing the radioimmunoassay of the change in 
binding ratios of SQMl antibody to the surface antigens 
on EC/CUHK2 cells in media with changes of calcium ion 
concentration from OmM to l.OmM at hour 12. Results 



















































































Fig. 104: Diagram showing the radioimmunoassay of the change in 
binding ratios of SQMl antibody to the surface antigens 
I 
on EC/CUHK2 cells in media with changes of calcium ion 
I 
concentration from O.SmM to l.OmM at hour 12. Results 






Fig. 105: Diagram showing the radioimmunoassay of the change in 
binding ratios of SQMl antibody to the surface antigens 
on EC/CUHK2 cells in media with changes of calcium ion 
concentration from 1.8mM to l.OmM at hour 12. Results 
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